









































THE ELECTRONIC AUTOMATIC PILOT, pioneered and 
developed by Minneapolis-Honeywell, is one of the 
most significant advances made in aircraft science. 
Developed to keep bombers on a straight course 
in their bombing run, the electronic automatic 
pilot promises safer and more efficient flight for 
airlines . . . and, because this device must operate 
with complete reliability at all times, Minneapolis- 
Honeywell uses thousands of RAYTHEON tubes. 
The special wartime experiences of Raytheon 
Manufacturing Company in devising and produc- 
ing advanced electronic tubes for the war effort, 
means that you will be able to offer your customers 
the best tubes for all applications. Because you 
have the best tubes, you will have better customer 
good-will, faster turnover and greater profits. 


Raytheon Manufacturing Company 
RADIO RECEIVING TUBE DIVISION 
Newton, Massachusetts ¢ Los Angeles ¢ New York « Chicago e Atlanta 


RAYTHEON . 


All Four Raytheon Divisions Have Been . Y #, : 
poten rac “"E’’ Plus oi Wiggle taeltly 
RADIO AND ELECTRONIC TUBES { 
DEVOTED TO RESEARCH AND MANUFACTURE OF TUBES FOR THE NEW ERA OF ELECTRONICS 
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Guthman Engineers recognize that the important 


need in Frequency Modulation receivers is to 





have excellent wide band IF coils. Guthman 


high gain I F coils operate on frequencies from 





: 4.3 mc to 30 mc, and provide maximum fre- 


quency stability. 
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Recent Formica research assisted by new developments in 
the glass industry which produced glass mat and glass 
cloth fabrics, along with the perfection of new resins 
suitable for laminating, has made possible new Formica 
grades with many important electrical characteristics. 


Formica grade MF-66 is a low loss insulator at high fre- 
quencies, which retains the high mechanical strength of 
other laminated grades, and can be machined for rapid 
production. 


Grade FF-10 made with glass cloth base combines good 
insulating qualities with very high heat resistance, and is 
just what is needed for such applications as motor slot 
wedges. 


Grade FF-41 made with glass cloth has been especially 
developed to resist surface tracking and arcing. 


These valuable qualities are available in glass base 
Formica to a degree that was never offered before in 
laminated plastic materials. Perhaps they can solve some 
of your problems. Samples for testing on request. 


‘The Formica Story” is a moving picture in color showing 
the qualities of Formica, how it is made, how it is used. 
Available for meetings of engineers and business groups. 


THE FORMICA INSULATION COMPANY 
4670 Spring Grove Ave., Cinti. 32, Ohio 
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KLYSTRON: 






A pencil of energy beamed like light 


I YOU'LL imagine an invisible search- 
light beam, you'll have a good 
picture of how Klystron-generated 
radio waves can be directed into a 
narrow “pencil” of energy. 


> This direction is accomplished by 
suitable reflectors. The beam of 
ultra-high-frequency waves travels 


Sperry Gyroscope Company 


GREAT NECK, N. Y. ¢ DIVISION OF THE SPERRY CORPORATION 





GYROSCOPICS « 
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ELECTRONICS * 


in a straight line, anc it can pierce 
fog, smoke, and clouds which 
would stop a light beam. 


Sperry-developed Klystron tubes are 
used in many equipments now serv- 
ing our Armed Forces. Later, Kly- 
stronics will open the door to the 
development of many ingenious 
peacetime devices. 





AUTOMATIC COMPUTATION © 


> Klystrons are now being produced 
in quantities, and certain types are 
available. 


The name “KLYSTRON” is a regis- 
tered trade-mark of the Sperry Gyro- 
scope Company, Inc. Like many 
other Sperry devices, Klystrons are 
also being made during the emer- 
gency by other companies, 
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FINANCING TELEVISION 


% The fact that all surveys indicate a tremendous pub- 
lic interest in television seems to have created a con- 
siderable degree of over-optimism regarding the com- 
mercial possibilities in this field immediately after the 
war. The general public appears to believe that, shortly 
after reconversion, it will be possible to drop into the 
nearest neighborhood store, get a television set installed, 
and sit back and enjoy a variety of fascinating pro- 
grams. They expect picture definition comparable, ‘at 
least, to home movies, complete coverage of important 
spot news events, good light opera, and a host of other 
features. 

Presenting such programs, hour after hour, day after 
day, is an expensive proposition. And, until a wide 
distribution of receivers is obtained, it is unlikely that 
advertising sponsors will bear any great portion of the 
cost of underwriting these presentations unless costs are 
kept low. Thus the major portion of the expense must 
be borne, as néw, by broadcasting stations. Alterna- 
tively, inferior programs must be presented. While, 
for a time, almost anything will be acceptable because 
of the novelty of television to the layman, unless the 
quality of the programs is constantly improved, the 
prospects for a healthy growth of home television do 
not appear bright. 

Concurrently with the expansion of home television 
receiver sales, there is a possibility of chain theater pre- 
sentations of television programs. In most cases, tele- 
vision will simply be an adjunct to standard movie pro- 
grams and will be employed to cover important news 
and sports events. According to an article appearing in 
Television, televising of events of major importance 
would be limited to theaters because of the ability of 
exhibitors and audiences to pay more for television 
rights than any advertiser. If this policy is followed, 
and expanded to include high-grade Broadway shows, 
the difficulties of broadcast stations in maintaining in- 
terest in home television broadcasts are bound to in- 
crease. Theater television will be in direct competition 
with the marketing of home television receivers, and 
the incentive to invest in home television receivers will 
be greatly decreased. 
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It is important that the theater amusement industry 
should take up television because it can help to publicize 
the attractions of television as well as to provide much- 
needed revenue. But it is even more important that 
no single segment of the amusement field be permitted 
to monopolize the greatest attractions for television pre- 
sentation. Broadcasters can control this situation, be- 
cause special facilities would be necessary for exclu- 
sive transmissions. 

If chain theater television presentations get into 
operation before there is wide distribution of television 
receivers, theaters would have little to gain in demand- 
ing exclusive presentations. The amount of business 
which they would lose through non-exclusive presenta- 
tion would be negligible. But the effect on the potential 
market for home receivers would be bad. Even after 
a large number of receivers have been sold there will 
still be plenty of customers for theater presentations 
among those who cannot afford television sets. 

Putting on television programs which will hold the 
interest of the public is, to our mind, the greatest prob- 
lem which confronts this branch of the industry. Money 
to do the job right must come from somewhere, other- 
wise it is unlikely there will be any sustained expansion 
of home television. 


RADIO-RADAR PROGRAM 


¥%& When Germany surrenders, the military radio-radar 
program will be reduced 25-35% (more on Army and 
less on Navy contracts, depending on the type of 
product and its future necessity against Japan), the 
Industry Committee of the RMA has been informed at 
a meeting with high WPB officials. However, because 
the minimum military program for the balance of the 
year has been stepped up to about 16% above the July 
rate, it appears that even cessation of the European 
war will not reduce schedules much below the July rate 
of production. So there is no reason to believe there 
will be any appreciable slackening of work in the radio- 
electronic industry for some time to come. 


—J.H. P. 
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ULTRASONIC WINDOWS 

* A suggestion for the design of win- 
dows for transmission of high fre- 
quency energy is outlined in an article 
appearing in the August, 1944, issue of 
General Electric Review. The article, 
entitled “Ultrasonics” is written by D. 
Cochran and R. W. Samsel of the G. 
E. Laboratory. 

Two design factors are of import- 
ance. The thickness of the window 
must be an even number of quarter 
wavelengths for maximum transmis- 
sion of energy. In addition, the pC 
of the window material should match 
the pC of the neighboring medium. 
The letter p represents the density 
of the material, and C the velocity of 
propagation in the material. 

Theoretical transmission curves for 
slabs of varying thicknesses are shown 
in Fig. 1. The subscripts 1, as in 




































































| . 7 ay A 3A | 
<a ~PsCs oy 
Po Co 
BAW INWI\\W i 
£ fitiae 
STUBS 
: U J} \ Pics, 
= ” Poo 
PTL 
vs J Wi \ ix 
j THICKNESS IN WAVELENGTHS | 





Figure 1 


piC, are for the window material. The 
subscripts 0 apply to the neighboring 
medium from which the energy is 
transmitted through the window. 
When the pC’s match, all energy is 
transmitted, regardless of thickness. 
When the pC’s differ, some energy is 
reflected if the thickness is not cor- 
rect. When the thickness is an even 
number of quarter wavelengths the 
energy reflected from the rear surface 
cancels the energy reflected from the 


6 





2A 





° 


TRANSMISSION IN 08 
] 


TN INVA 
J \ 











' 
Ld 
































P,C4 =2 a all 
Po Co 

-3 

| _ 
Figure 2 

front surface, and _ reinforces the 


energy transmitted through the front 
surface. 

In practice, however, there is some 
absorption loss in the slab, so that 
transmission will be more like that 
shown in /ig. 2, where there is a theo- 
retical loss of % db per wavelength. 

The above theory was substantiated 
by the authors in experiments using 
the slab of polystyrene in water, with 
measurements at 750 kilocycles. 


ELECTRON BEAM DEFLECTION 


* An analysis of the dynamics of 
transversely deflected electron beams 
which promises to be of some interest 
to designers of cathode ray tubes, and 
may be of value in describing the 
effects of an electric field which exists 
in a resonant cavity, appears under 
the title “Deflected Electron Beams,” 
by J. H. Owen Harries, in the June, 
1944, issue of Wireless Engineer. The 
author limits his discussion to trans- 
verse deflections but suggests that the 
problem of describing velocity modu- 
lation is related because in the latter 
case the modulating field lies in the 
same line as the beam. 

Mr. Harries first develops the equa- 
tion for the path of an electron beam 
directed between two plates of infinite 
length and width. An alternating volt- 
age is applied to the plates. The differ- 
ential equations for the path of an 
electron are 

d’y eE dx 

— = —, and — = 0 

dy dm dt’ 
in which + is the axis of the beam, y 
the transverse deflection, d the dis- 
tance between plates, e the charge on 
an electron, m the mass of the electron, 
and E = Eciet, the deflecting voltage. 





oe 
4 


YT = 0 






































' 0 Ti/p T 31, tr 


— 
€ 
~ 





Figure 3 


The path of. the beam becomes 
eE 
y = — [cos of, — oT sin of, 
wdm — cos (wt + ar)] 
in which ¢, is the time the electron en- 
ters the field and ¢ is the transit time 
so that r = ¢t — ¢,. 

The path of the beam depends upon 
the entrance angle wf,, as shown in 
Fig. 3. 

The horizontal axis of the graph is 
givén in terms of wr, which is propor- 
tional to the actual distance +, since 
x = v,t, and v, is constant. The ver- 
tical axis is given in terms of 4/KE, 
where k = e/w? dm. 

The impedance, Z,, to the transverse 
electron current is determined to be 
such that 

Toe 





i/Zd = [wr sin or + 
cos wt—1 + j 


(or cos wT—sin r)] 


dorm 


in which /, is the longitudinal beam 
current. This equivalent impedance is 
complex and varies in sign with the 
transit time, as illustrated in Fig. 4. 
The part in brackets in the above equa- 

[Continued on page 8] 
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Types C and D for peak 
voltages of 3500 to 
13,000 
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piag Again Johnson scores:.a plates which 
allow much higher voltages, partic hight’ ores, ¢ 
It has long been known that plates with row ided edges have higher Type Hi for pest 
re breakdown voltages in variable condensers, but it remained for Johnson to 3000 
1 or)] Engineers to work out ratios of plate thickness, design, voltage, and spacing 
ai for maximum advantage. 
sag Greatly decreased length (as much as one-third in some cases) results 
h the in lower minimum capacity and lower inductance due to shorter frame rods 
ig. 4. and other metal parts, which is extremely important at high frequencies. 
equa- 
age 8] Corona is noticeably less with the new type plates and corona shields 


have been added where stator bars enter insulators, resulting in still further 
improved performance. 


Despite these many improvements, in most cases prices are lower 
because of the saving in material. 


Now available in Types A and B, both fixed and variable, this new pi ey a go 


plate — and construction will be incorporated in other types as quickly 
as possible. Write Johnson today for more information and for recommen- \ 
dations on YOUR variable condenser application. 


New Catalog 968K now ready. 


JOHNSON 
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SAVE TIME 
SAVE WORK 
call ALLIED first Get Everything in 
ELECTRONICS 
and RADIO 
from this One Source 


ew R-F ai and _— All you make is ome contact. All you place is 
Coil Winding Calculator | one order ... for everything! Allied carries 


















Easy to use! For fast ac- today’s /argest and most complete stocks under 
curate determination of : 
resonance factors and one roof... ready for rush delivery. Over 


coil winding data. 


: 10,000 items to meet the most diverse 
No. 37-955. Postpaid, 25¢ 


needs. Procurement of “hard-to-get” items is 
facilitated by our close contact with leading 
manufacturers. This centralized stock and 
procurement service does the job—faster! It’s 
always a good idea to call ALLIED First... 


FREE 
Comatell Att om for one item or a hundred! 
Altiep “ ; ; 
Up-to-date sel Write, Wire, or phone Haymarket 6800. 
BUYING 


GUIDE ALLIED RADIO CORPORATION 
833 West Jackson Blvd. Dept. 14-]-4, Chicago 7, Ill. 
In the Heart of America’s Transportation System 
OCHCHSSOHSSCESESEHESESESHEHOEOSESEHSESESEEEEEEE®E 


All these well known makes —and MORE! 


RCA IRC Sprague Littlefuse Astatic 
Raytheon Centralab Aerovox Stancor Amperite 
Hickok Burgess Hallicrafters Thordarson Jensen 
Triplett Knight Hammarlund Belden Utah 
Supreme Bliley E. F. Johnson Meissner Sangamo 
Mallory General Electric Cutler-Hammer Amphenol Dumont 
Ohmite Cornell-Dubilier “Hart & Hegeman Shure Bussman 
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tion is gy, The real and imaginary 
parts of g, are plotted separately 
against the transit time. 

Fig. 4 illustrates the equivalent elec. 
trical circuit for the theoretical case 
of infinite planes, but this analysis does 
not correspond to any actual case, 

The author states that there can be 
no generalized expression, for there jg 
an infinite number of electrode shapes 
and boundry conditions. 

A more practical case than that of 
the infinite planes is that in which the 
deflection field varies periodically 
along the x-axis so that it is always 
zero at the ends of the deflecting 
plates. This type of field would com- 
pletely eliminate end effects. It js 
pointed out, additionally, that in a 
resonant cavity at very high frequen- 
cies the vector field along the path of 
the beam approaches a sine function, 
If the cavity is circular disc-shaped 
the variation across a diameter is a 
Bessel function of zero order, which is 
approximately a cosine function. 

In a sine-shaped deflecting field the 
differential equation for transverse 
motion is 


dy cE TT 
— = —— cos or sin — 
dt’ dm Te 


where 7, is the time required to trans- 
verse one-half period of the field varia- 
TT 


_ tion. The component sin —— equals 0 





To 
when 7 = 0 and when 7 = 7, and thus 
defines the sine-shaped field. 

The solution of the equation is only 
useful for specific values of r,. The 
deflection coefficient of the solution is 
plotted in Fig. 5 against transit angle 

T 
wt, for one value of —, which is the 
To 
the distance travelled along the x-axis 
[Continued on page 12] 
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yy Sylvania Radio Tube “Firsts” 


MEASURING 
RADIO FREQUENCY POWER 













SYLVANIA 
POWER MEASUREMENT TUBE 


MORE. ACCURATELY 


New Sylvania Power Measurement Lamps provide a simple and more accu- 
rate means of measuring radio frequency power. 


At present there are six “lamps” in the Sylvania PM series. Resistances range 
from 40 to 310 ohms over the useful ranges of the curves. 


A PM Lamp, used with a meter readily available to most radio experimenters, 
eliminates much of the guesswork that prevailed with old methods. Sylvania 
PM Lamps, which are no longer restricted to military use, should be useful to 
radio experimenters. 


The research and development of the PM series is just another example of 
how Sylvania engineering succeeds in solving radio problems. Like Sylvania 
Radio Tubes, criterions of quality, the new Power Measurement Lamps are 
manufactured to one standard — the highest anywhere known. 


SYLVANIA Sylvania was first tointroducealine Quality that serves the war shall serve the peace 
RADIO TUBE of 6.3-volt radio tubes and to pro- 
FIRSTS pose their universal use in not only 
a automobile but home receivers. 
This contribution standardized 
radio tube voltage, simplified service and stocking, and elimi- RADIO DIVISION 
nated transformers in AC-DC sets. 


Sylvania was first to introduce a line of 1.4-volt tubes, which 
made the portable camera-type radio possible. This radio 
tube halved portable radio battery weight — a boon in wart 


and in the peace to come. 
ELECTRIC PRODUCTS INC. 






EMPORIUM, PENNSYLVANIA 


RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES, FLUORESCENT LAMPS, FIXTURES AND ACCESSORIES, INCANDESCENT LAMPS 
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Low Frequency Transmitters Used 
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To maintain unfailing communication between airports and from field to 
plane inside the Arctic Circle, requires the use of low frequency transmitters 


that will operate reliably far from service facilities. 


Federal, pioneer in both low and high frequency radio communication, 
provides the solution with its 10 KW low frequency transmitter, consisting 
of an exciter, rectifier, RF transmitter and antenna tuning equipment, housed 


as separate units. Compact, light in weight, they may 
be transported in a cargo plane without dismantling. 


Through blinding storms and almost perpetual night, 
pilots in the Far North stake their lives on the dependa- 
bility of these Federal radio transmitters. 


Your transmitting equipment may never be called upon 
to meet such rigorous demands. But, whatever your 
requirements are in low or high frequency transmis- 
sion, Federal, with its technical experience and leader- 


ship in radio communication, is prepared to solve your 
problem. 


wie and Kado 
." « , 


Intelin High Frequency 
Power and Coaxial 
Cables manufactured 
by Federal, meet every 
construction and per- 
formance requirement 
of the most exacting 
specifications. 


COV LOLLY 


Newark 1, N. J. 
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HERMETICALLY SEALED 
Sensitive RELAYS 








The 4R and 5R Relays may now be obtained hermetically sealed. Truly 
proof against fungus, humidity and other tropical hazards — capable 
of withstanding ambient temperatures from —50° to +-90° centigrade. 


Exposed insulation is glass, The assembly is permanently sealed with 
solder, Plug-in mounting or lugs for permanent or semi-permanent in- 
stallation. Tie-down lugs for either type if desired. 


Remember— 


For Stationary Operation. 


Type 4 requires 6 to 12 mw 
—is very fast operating 
Type 5 requires 0.5 mw 
—is slower than type 4 


(NEW ADDRESS 
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For Aircraft Applications, etc. 


Type 4 requires 30 to 50 mw 
Type 5 requires about 5 mw 
—is most stable as to ad- 
justment. 

—withstands severe shock 
(500 g's) without damage. 


Send for complete informa- 
tion, stating your problem. 


Sigwta Instruments, 16 
Chemactive nauays=aaa— | 


66 CEYLON STREET 
BOSTON 21, 


MASS. 


Type 4 RHL 
(1144" x 11" x 25%") 
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in terms of half-sine periods of field 
variation. 

The solution of the case of a sing 
shaped field reveals that any desired 
phase relationship may be made to exist 
between the beam displacement and the 
displacing field, at any point on the 
path of the beam. This is true because 
the phase angle is itself a function of 
the transit angle wr and w can be 
varied at will. The value of + depends 
upon the accelerating voltage used to 
establish the horizontal electron beam 
velocity. 

Fig. 6 shows beam profiles found ig 
a sine-shaped field for various instan 
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Figure 6 


taneous times in the deflecting field 
time cycle. The instantaneous deflect- 
ing field varies as a sine function 
along the x-axis, as shown. The beam 
profile is shown directly beneath its 
instantaneous deflecting field. The up- 
per graphs are given for an entrance 
angle wr, = 3.87, and accelerating 
voltage of 41,000 volts. The lower 
graphs are given for wr, = 7.97, and 
accelerating voltage of 9,600 V. In 


m 
both cases — = %. 
To 
The graphs show how the beam 


“ 


snakes” its way through the field. 

The exit angle will vary with the en- 

trance time angle, but the maximum 

value of the exit angle is a measufe 

of the sensitivity of the tube. 

The power used to deflect a beam is 

determined by the author to be a func- 
id 

tion of the variable — in addition t 
To 

the other variables of the system. The 

expression for power is never nege 

tive for beams deflected by a transverse 

electric field. 

[Continued on page 15) 
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ALLEN H. GARDNER, President "The public knows only part of the splendid job electronic engineers have done during the war, and of 
the marvelous accomplishments that have been made in radio communications, because of the extremely 
secret nature of most of the developments. One of the results which can be mentioned now is the... 


oR REE 


Colonial Radio Corp.... 
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“TREMENDOUS INCREASE IN NEW USES FOR MODERN, 
VERSATILE VIBRATOR POWER SUPPLIES”’ 


Yes, Mr. Gardner, many fields, after the war, will find E-L Vibrator gill i saa 
Power Supplies the key to a host of new improvements in their prod- Fd 
ucts and services. The transit industry, radio, aviation, railroad, marine, i E-L STANDARD POWER SUPPLY 
electrical and electronic are just a few of the fields in which E-L equip- | MODEL 619 
ment will do many important jobs... The most significant new E-L — § —_Thisisa typicai unit for mobile or portable applications 
development is the perfection of an electrical current division circuit Se pea as 5 or 10 — ee ngs. 
between vibrator contacts. This has made possible an enormous in- caution el dnacode gay gs De 
crease In Output Capacity, to as much as 1500 watts at present! battery. Characteristics: Input voltage, 115 volts 60 
For the transit field, Electronic Laboratories offer four patented cur- ee ee ee 
rent conversion systems for fluorescent lighting in all types of vehicles. nec el linge iad 
[hese systems will operate any type or size fluorescent lamp, either hot Dimensions: 94 x 54 x 6 fachen Weigle: 144 peands 


or cold cathode, as well as any number of lamps. 

_E-L is ready now to bring you the benefits of its tremendous war- 
time experience for two-way radio in planes, trains, transcontinental 
busses, oats and other fields... Multiple input and output units are 
available. Vibrator Power Supplies may be designed to supply any 
needed wave form. They are efficient and long-lived and economy i: 
assured with the minimum of maintenance. E-L design engineering 
service will design a Vibrator Power Supply to meet specific require- 
ments in size, weight and voltage. 


W rite for fur- 


ther informa- 


and other 
power supply 
models wit 
differe nt in- 
puts and out- 
puts fora 
wide range of 
uses. 
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LABORATORIES INC. | 


8 RE INDIANAPOLIS ao 
VIBRATOR POWER SUPPLIES FOR LIGHTING, COMMUNICATIONS, AND ELECTRIC MOTOR OPERATION e¢ ELECTRIC, ELECTRONIC AND OTHER EQUIPMENT 
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THERES GOLD HERE! 


another new letter contest 





$200°° in prizes every month Rules for the Contest f 
5 ; : Hallicrafters will give $200.00 for the best letters received P 
7100;00 frst prize, $50.00 second prize, $25.00 during each of the six months of September, October, Novem- 


third prize, $15.00 fourth prize, $10.00 fifth prize, ber, December, 1944, January, and February, 1945. (Dead. ' 


plus $1.00 for every letter received. line: Your letter must be received by midnight, the last day 0 
‘ za of each month.) t 
Here we. go again. Another great Hallicrafters letter contest t 


For every serious letter received, Hallicrafters will send $1.00 n 


for service men. Wherever you are, whenever you see this catia al , Se ae f 
: : so even if you do not win a big prize your time will not be 

arena, drop us a line. Write and tell us your first in vain. Your letter will become the property of Hallicrafters 

hand expefience with all types of radio communications built and they will have the right to reproduce it in a Hallicraftets ) 

by Hallicrafters, including the famous SCR-299. advertisement. Write as many letters as you wish. V-mail 


letters will do. 


oye Tf : / ite av 2 ° > > _ 5 
There 18 gold here! Write today to get your share. Tell us Open to servicemen around the world. Wherever you até, 
your story i, your @wn way. You can’t lose and you cam win whenever you see this ad, drop us a line. Monthly winners F 


as high as $100.00. will be notified immediately upon judging. 


There's gold here at the end of the rainbow in Hallicrafters 
great letter contest—and there's a great and exciting future 
ahead for short wave enthusiasts. In peace time Hallicraft- 
ers will continue to build ‘the radio man’s radio” and that 
means the best that can be made. There will be a set for 


you in our postwar line. 
BUY A WAR BOND TODAY! 


hallicrafters rao 


THE HALLICRAFTERS COMPANY, MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U.S.A 
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It is found that the power to deflect 
a beam can be approximately 1% of 
the power in the beam, so that a tube 
used for transverse deflection can have 
a high input impedance, even at ex- 
tremely high frequencies, and the tube 
should be expected to give high power 
amplification efficiency. 

Deflection sensitivity can be in- 
creased by employing a long field-free 
space beyond the deflecting plates. This 
space is termed the “throw” of the 
beam. 

Further analysis proves the fact 
that cathode ray tube sensitivity de- 
pends upon the “throw” and the 
mum exit angle from the deflection 
plates. The exit angle in turn varies 
with the accelerating voltage, distance 
between plates, deflecting and 
frequency. 


maxi- 


voltage, 


SURFACE TREATMENT 
OF INSULATORS 


* A new 
pound* 


ype of water-repellent com- 
used to increase the 
of electrical insulating 


surface 
resistanc¢ ma- 
terials, such as steatites and ceramics, 
is discussed by Dr. Francis J. Norton 
in the August, 1944, issue of the Gen- 
eral Electric Review. 

This compound is a member of the 
family of silicones in which silicon re- 
places carbon as the chain-forming cle- 
ment in organic chemical compounds. 

For the particular problem of sur- 
face protection of ceramics a mixture 
of methyl-chloro-silanes is applied in 
the form of vapor to the surface to be 





treated. The vapor reacts with 
moisture on the surface and a_ thin 
film of insulating material remains. 
This is illustrated as follows, where 
t 
CH | 
3 CHs CH; 
| 
Cl—Si—Cl] tn H,0 = sj —O Si 
o~ | ‘ie 
CH & 
n CH3 CH3 ‘ 
te, HCl 
_—_a : | 





n molecules of 
react with water 
acid and the 
terial. 


methyl-chloro-silane 
to form hydrochoric 
silicone insulating ma- 


The vapor application is best done 
after the parts to be treated have been 
Pre-conditioned at 50 to 90% 


humidity so that a film of water about 


100 molecules thick remains on the 


surface. 
es 


*Trade Name 


“Dri-Film.” 
[Continued on page 16| 
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Photo Courtesy Pan American Airways 






NEW. 
Electro Voice 


Model 600-D HAND-HELD 


MOVING COIL 


COMMUNICATION 
MICROPHONE 


(REPLACING MODEL 600-C) 


FOR MOBILE RADIO TRANSMITTERS AND SOUND EQUIPMENT 


@ Resistant to high humidity, wide temperature ranges, mechanical shock and 
vibration 


@ Frequency curve scientifically designed for highest articulation through inter- 
ference and background noise 

@ The new Electro-Voice Model 600-D is available in high or low impedance output 

@ Lightweight, can be held for long periods without fatigue 

@ Shock-proof, high impact molded phenolic case 

@ Press-to-talk switch (switch-lock optional) for relay operation, with choice of 
switching circuits 

If your present limited quantity needs can be filled by 

any of our Standard Model Microphones, with or with- 


out minor modifications, please contact your neares? 
radio parts distributor. 


PAPER PACKS A WAR PUNCH ... 
aoa Maia 14 SAVE EVERY SCRAP 


To the growing list of Electro-Voice developments, we now 

add the Model 600-D which moy be adapted to a number 

of essential civilian applications. Built to rigid wartime speci- 

fications, it reflects the painstaking care of the Electro-Voice 

design laboratory. Electro-Voice Microphones serve you better 
+ for longer periods of time. 


ELECTRO-VOICE MANUFACTURING CO., INC. + 1239 SOUTH BEND AVENUE + SOUTH BEND 24, INDIANA 


Export Division 13 East 40th Street, New York 16, N.Y. — U.S.A. Cables: ARLAB 


OUTSTANDING | 
QUALITY! 


in Electronic Tubes 
... Phototubes 
Rectifiers and 
‘Specedt Tubes 





PROMPT 
DELIVE RIES 
on most types 


Send for Catalog * 


CONTINENTAL ELECTRIC COMPANY 


GENEVA, ILL. MEW YORE OFMICE 
oo Gescuanowe MAST 265 W. 14m $7. 































There’s No “IFA bout This |-F TRANSFORMER 


It’s a tested and proved product. Developed and 
used with excellent results on high priority radio 
and electronic equipment, this slug tuned ultra high 
frequency LS-1 Transformer is now available for 
other applications. 


Better get the complete story on the LS-1. It may 
come in mighty handy in connection with some of 
your present or projected components. Write to 


CAMBRIDGE “Weermntoute CORPORATION 


454 CONCORD AVENUE CAMBRIDGE 38, MASSACHUSETTS 





























DIAL LIGHT ASSEMBLIES WITH 
NON-SHORTING TERMINALS 


RAKE NO. 500 and No. 700 

Series Dial Light Assemblies : 
are made with insulated lead wire 
of any length from 214” to 4 feet. 
These are underwriters approved, 
non-shorting assemblies . . . the 
No. 500 for AC-DC, the No. 700 
for AC Receivers. All other Drake 
Assemblies are also sturdily built 
for long dependable service, and 
can be equipped with special non- 
shorting terminals on request. As 
world’s largest exclusive producer 
of Dial and Jewel Light Assem- 
blies, quick shipments in any 
quantity are assured. Do you have 
our newest catalog? 


gy 
Vax 





08AE —AOBAE 


DRAKE MANUFACTURING CO. 


1713 WEST HUBBARD ST., CHICAGO 22, U.S.A. 

















Min. Screw Cand. Screw. 














| may be injurious to a careless opera- 
' tor. It also outlaws the use of ordin- 
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An example of the results obtained 
is shown in Table I. The parts hag 
been pre-cooled at —10°C. and placed 
in a chamber at 100% R. H. at 25°¢ 
so that dew-point conditions prevailed, 


TABLE | 
Resistance 
Ceramic Sample (Megohms) 
SE cccgckdcaesivcuswud 14 
Unglazed, waxed ............ 230 
Unglazed, methyl-chloro-silane 
1 Ser ne rn een >200,000 
Glazed, no other treatment. ... 42 


The figures in Table II were ob 
tained in a chamber at 100% R. H, 
at 25°C., without precooling. 


TABLE Il 
Resistance 
Ceramic Sample (Megohms) 
Unglazed, untreated ......... 3.590 


WINMALCE, WAKEE 6 6c00s5ccees 29,500 
Unglazed, methyl-chloro-silane >200,000 
Glazed, no other treatment. 1,550 

Consistently superior ern is in- 
dicated by measurements made after 
prolonged exposure (170 days) at 90% 
R.H. at 85°F. The average resistance 
of dri-film-treated pieces dropped to 
4 x 10° ohms in comparison to 2 x 10° 
ohms for untreated ceramics and 10° 
ohms for wax-treated parts. 

Coils showed slight improvement in 
Q-factor when compared to untreated 
coils, particularly at high frequencies 
(4.5 megacycles) and under dew-point 
conditions. 

Most of the tests were made under 
dew-point conditions and it is not 
claimed that the silicone treatment will 
offer any improvement when perfectly 
dry conditions prevail. 

A disadvantage of the process is the 
formation of hydrochloric acid, which 


ary metal parts attached to the 
ceramics. 


NEW MEGATRON 


% The Army and Navy have approved the 
release of further information on the Gen- 
eral Electric Company’s disk-seal elec- 
tronic tube, widely known among radio 
engineers in the military services as the 
“lighthouse” tube. The new tube, devel- 
oped by engineers of the G-E Electronics 
Laboratory, provides the basis for a multi- 
tude of new public services in the FM 
radio. 

The new tube eliminates the conventional 
type of grid, anode and cathode. Instead 
of components being fitted around one af-< 
other as in the past, they are now cone 
structed in simple, parallel planes or layers,” 
with glass and metal fused together in” 
rigid, inseparable units that are strong 
capable of withstanding severe jolts. This. 
design permits an extremely compact over 

[Continued on page 18] 
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RE-DESIGNED TO ORDER” 


FOSTER 


Some weeks ago a manufacturer brought this unit, as then being supplied to him, to Foster 
Engineers for examination. Performance of the original model of this transformer had 
failed to meet a certain high standard of minimum inductance and maximum resistance. 
Foster re-designed it, met the exacting specifications, somewhat reduced its over-all dimen- 
sions, yet kept the new Foster model interchangeable with the old—no costly changes 


were required in the product of which this transformer is a part. 


It is another example of Foster skill and experience in designing and building transformers 
for specific requirements that will be of great value in the post-war world of electronic 
equipment. Our experience covers close tolerance vibrator transformers, output trans- 


formers, microphone transformers, saturable reactors, power transformers, audio filters 


o 
and reactors ... designed and custom-built to the most exacting individual requirements. 


SPECIALISTS IN BUILDING TRANSFORMERS SINCE 1938 


A. P. FOSTER COMPANY 


TRANSFORMER ENGINEERS MANUFACTURERS 
719 WYOMING AVENUE, eenene 15, OHIO 
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TRANSFORMER 


BROUGHT UP TO PAR BY 





NT CURCLLOT 


IMMEDIATE DELIVERY 
in moderate quantities from stock 


ANDRFW coaxial plugs and jacks are used as con- 
nectors for flexible coaxial lines, and fit many of the 
standard Army and Navy approved cables. They are 


ee | 


PLUGS AND JACK? 


ONLY ANDREW 

offers this easy 

accessibility for 
soldering. 


bx, 


| TECHNICANA 


[Continued from page 16} 


m———- ANODE CAP 





ANODE 


GRID 







HEATER‘ 


GLASS SEAL 


. ; : You don'thavetosolder | 
especially useful where a simple panel mounting plug- 


. ‘ “ through a window fo in- 
in type of connector is required. 
- stall an ANDREW plug 
Machined from brass bar stock, these sturdy plugs ; met 
: : 6 : or jack. Just remove one 
and jacks provide a positive connection between the 
outer conductors and between the inner conductors. 
Inner conductor contacts are silver plated to obtain 
maximum conductivity. Insulation is the best grade of 


screw, slide the sections, 
apart with your fingers | 
and solder. Thisisanew | 








consist of 24 jacks mounted on a 19” relay rack panel. 


: improvement invented 
Mycalex. Patch cords are made of low-loss flexible eee 
1d: - . and used exclusively by | 4 
coaxial lines of 72 ohms surge impedance. Patch panels 
ANDREW. | 


all tube structure, while providing ‘high 
WRITE FOR BULLETIN 


NO. 31 
W C 8) - J : ee | jlow plate-to-cathode interelectrode capaci- 
AN D RE tance, and very high permanence of char- 


j . . 
| acteristics. 


(The will not allow 
release of specific information on the in- 
-_ HIlustration shows panel with patch cord in place. an 


CRYSTAL CLEANING 


HIS is an actual photogragh of 

the centrifugal air drier, or 
‘“spinner,’’ used in Bliley produc- 
tion to facilitate clean handling of 
crystals during finishing and testing 
operations. Quartz blanks are dried 
in 5 seconds in this device which is 
powered with an air motor and spins 


at 15,000 r.p.m. 


Little things like lint or micro- 
scopic amounts of foreign material 
can have a serious effect on crystal 
performance. The ‘‘spinner’’ elimi- 
nates the hazards encountered when 
crystals are dried with towels and 
makes certain that the finished 
product has the long range re- 
liability required and expected in 
Bliley crystals. 


This technique is only one small 
example of the methods and tests 
devised by Bliley Engineers over a 
long period of years. Our experience 
in every phase of quartz piezoelec- | 
tric application is your assurance of | Cap 
dependable and accurate crystals 
that meet the test of time. | K 






frequency and high power output. It gives 
juniform co-planar electrode design, very 


military services 


h Street 


5t 
363 East 7 \linois 


jcrease nor details on circuits or apparatus 
in which the tubes are used.) 


MILLER EFFECT 

'« The grid-plate capacitance of a tube, 
ireflected to the input produces what is 
iknown as the “Miller Effect.” This is 
particularly important in triodes, and at 
radio frequencies, and is responsible 
ifor some rather marked characteristics 
lof the circuit. 

C. J. Mitchell of the Northampton 
Polytechnic Institute analyzes this ef- 
fect in a somewhat new way in an 
‘article entitled “Miller Effect Simpli- 
fied” appearing in the June, 1944 of 
Electronic Engineering. 

The interelectrode capacitances of a 
triode are shown in Fig. 7. In the dia- 
gram Cgp is the grid-plate capacitance, 
Cgc is the grid-cathode capacitance, V9 
‘is the input voltage, and Ip is the out- 
put voltage. Ccp, plate-cathode capaci- 
tance, has been absorbed in the load 


[Continued on page 20} 
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Figure 7 
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D FOR HIGH FIDELITY REPKODUCIWOS 


“Frequency Range and Power Considerations in Music 


Reproduction” is the title of number three JENSEN Monograph, now © 


ready for mailing. With the approach of FM, Television, High Quality 


“Recording and other advances in the audio electric art, calling for new 


and increased emphasis on the requirements of High Fidelity Sound 
Reproducing equipment, this subject is both timely and pertinent. 

Do you know the maximum, useful audio frequency ranges under 
actual listening conditions? Do you know how frequency range is 
limited even if perfect transmission, reception and reproduction were 
possible? Or how much change in high frequency cut-off is required 
to be just noticeable to the listener? 

All of these questions, and many more, are answered in this latest 
JpASEN Monograph. Based on an extensive examination of authoritative 


“work in this field, treatment of the subject is such that it will be found 
















GE 
FREQUENCY maw 


r) 
AND POWER const i 
n) 
Aw Wusic REPRO 


RADIO] * SEPT 


valuable by professionals, the trade, educators and the public. 

If you are interested in sound reproduction, you need this up-to-the- 
minute information. Get your copy today from your JENSEN distributor 
or dealer, or send 25c to: 
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Technical Schools and Libraries. 
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HAT FREQUENCY RANGE 


Series So Far Isshed 


No. 1. Loud speakesMft equency- 
Response MeasGrements. 


No. 2. inpesgins Matching and 
Power Distribution. 


No. 3. Frequency Range in Music 
Watch for the next issue! 


Free to men in the Armed Services and to Colleges, 


we=SCté«‘NN 
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WHEN YOU SPECIFY 
HARNESSES... 


Wiring assemblies individually 
designed . . . to your own rigid 
specifications .. . by HOWARD, 
specialists in the design and 
manufacture of radio equipment. 


OWARD MANUFACTURING CORP 


COUNCIL BLUFFS, IOWA 







































Examples of 
ACME ENGINEERED: 
im) 6©=SC TRANSFORMERS 


HIGH LEAKAGE REACTANCE 
FILAMENT TRANSFORMERS 











INTERSTAGE 
TRANSFORMERS 


THE ACME ELECTRIC & MANUFACTURING CO. « CUBA, N.Y. © CLYDE, N.Y. 
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Figure 9 


and does not appear in this discussion, 
It is assumed that Ccp is in parallel 
with the load, since the high voltage 
line is shunted to ground in the power 
supply, and is therefore at ground po- 
tential for r-f. 

Vp will be 180° out of phase with 
Vg for a resistive load, so that the 
circuit is represented by two ac. gen- 
erators as in Fig. 8. In this figure 
Cgc is shown in dotted lines since we 
are particularly concerned with Cgp 
reflected into the grid circuit in parallel 
with Cgc. 

The potential difference across Cgp 
is Ve = Vg + Vp = (1+4) Vy, 
where A is the amplification of the 
tube. 

The current tz, = jVc/Xgp = j 
(1 +A)Vg. w Cop. 

This current is passing through both 
generators so that Vg generator must 
supply iyy as well as the current through 
Cgc. The effect is that of a reflected 
capacitance, Cy; The reactance of 
this capacitance reflected into the grid 
circuit = Vg/Igp = 1/jo Cres, so that 


j(1+A)V9.0Cgp 





Crep = Lgp/joV9 = 
joV 9 
= (1 + A)Cogp. 


The total input capacitance is ac- 
cordingly Cgc + Cgp (14+-A). This ts 
only true for an 180° phase difference. 
For an inductive plate load Vp will be 
advanced by @ degrees, leading the cur- 
rent. By repeating the above steps for 
this more practical case, there is ob- 
tained, as shown in Fig. 9, the result- 
ant voltage Vp = Avg cos @ + jAV9 
sin @. Also, Ve = Vg + AV g cos o 
+jAVg sin g. Then ig, = jVc/X9p 
=i (Vg + AVg cos $ + jAVg sin 9) 
w Cop = jVg (1+ A cos ) wo Cop— 
AVg sin ¢ w Cgp. The reflected capa- 
citance Cref = igp/j w Vg = (1 +4 

—Asin ¢ Cgp 
cos ¢) Cap ———————- 
J 
[Continued on page 68] 
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T# finest and most dependable air 
column horns and speakers made... 
RACONS ... are doing their bit to hasten 
V-Day. In war plants, aboard Army and 
Navy vessels, on planes, at training 
camps and airports many different types 
of RACON, each ideally suited for its 
purpose, gives peak efficiency, regard- 
less of weather condition or climate. 


1944 





Built into RACONS are exclusive patent- 
ed features found in no other line of 
sound reproducing equipment. Pioneers 
in the making of horns and speakers, 
with a type for every purpose, you can 
rely upon RACON regardless of your 
need. Simply tell us what you have in 
mind. Let’s set the date and RACONS 


will be on their way. 





RACON ELECTRIC CO. 52 EAST 19th ST. NEW YORK, N. Y. 
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JAMES KNIGHTS 


















A Habit With Us.- 


HERMETICALLY SEALED 


ETCHED Cxyetals 


The engineers of the James Knights Company 
pioneered in the development’ and manufacture of 
Etched quartz crystals. For some time now, we have 
been supplying quantities of these definitely better 
type crystals in hermetically sealed holders. 
James Knights Etched Crystals are available to improve 
the performance of your equipment. Catalog on request. 


BUY WAR BONDS FOR VICTORY! 


The JAMES KNIGHTS Co, 


SANDWICH, ILLINOIS 


CRYSTALS FOR THE CRITICAL 
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Kadio-Frequency — 


POWER MEASUREMENTS 


A. C. MATTHEWS 


A comprehensive survey of methods and instruments used in making 
r-f measurements, and data regarding their advantages and limitations 


N RADIO ENGINEERING one of the most 

difficult quantities to measure is that 

of r-f power. Several methods are 
available depending upon the magni- 
tude and frequency of the power to be 
measured. These will be discussed with 
particular reference to their limitations 
as well as their accuracy for high fre- 
quency measurements. 

The measurement of r-f power is 
based upon one of two effects, namely : 
(1) heat and (2) the voltage drop 
across, or current through, a known 
impedance. A compilation of the most 
commonly used methods of power 
measurements is given in Table J. 

In an a-c circuit the power in watts 
is defined by the expression 

P=[Zcos¢ (1) 
where / is in amperes, Z in ohms and 
cos @ the power factor. Fortunately, 
most power measurements can be made 
with a resistive load, so the power 
factor is essentially unity, then equa- 
tion (1) simplifies into 

P=FR (2) 
This is particularly true where the 
power to be measured is available at 
the end of a transmission line of known 
impedance. In this case it is only nec- 
essary to match the end of the line 
with a non-inductive resistor (several 
of which are available commercially 
within a range of from 13 to 600 ohms) 
and either measure the current through 
the load or the voltage across its ter- 
minals. The attenuation of the trans- 
mission line must be known at the 
operating frequency, otherwise a very 
short line should be used to avoid 
introducing appreciable loss. 


Requirements 


Before discussing a particular meth- 
od of measurement let us consider the 
requirements of an r-f power measur- 
ing device, 


RADIO) 
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a. The instrument or method used 
should have no deleterious effect on the 
operation of the apparatus being meas- 
ured. 

b. The method should have adequate 
sensitivity in order that precision meas- 
urements may be made. 

c. The calibration should be inde- 
pendent of frequency; if lacking this 
feature, a known correction factor 
should be available. 

Having decided on the desirable re- 
quirements for a measuring device, we 
will now consider each of the methods 
as given in Jable 1. 


Wattmeters 


Wattmeters of the electrodynamo- 
meter type having separate voltage and 
current coils are unsuited for r-f meas- 
urements. In general, their power 
range is inadequate and the losses, ex- 
cept at very low r-f frequencies, are 
prohibitive. 

An electron tube wattmeter for meas- 
uring power of a few microwatts or 


more has been described in the litera- 
ture.t. Its operation depends upon ob- 
taining a voltage proportional to the 
load current from a low resistance in 
series with the power source, and also 
a voltage from a high resistance across 
the power source which is proportional 
to the load voltage. The sum ofthe 
instantaneous values of the two volt- 
ages is impressed on the grid of one 
tube and their difference on the grid 
of another tube as shown in Fig. 1. 
The loss in the series element must 
be made quite small, and obviously the 
shunt resistance element should be 
sufficiently large to make the total 
power dissipated by the instrument 
negligible as compared with the load. 
The power capacity of the electron 
tube wattmeter is limited by the maxi- 
mum allowable grid input voltage. Its 
use at high frequencies is limited only 
by the interelectrode tube capacities. 


R-F Ammeter 
One method of determining high fre- 


TABLE | 





R-F MEASUREMENT METHODS 











Usual High- 

Measurement Order of Usual Power Frequency 
Instrument based on Accuracy Capacity Limit 

Electrodynamic Phyiscal | 03% Medium | 100 mc 

Ammeter parameters | | 

Electron Tube Voltage | 2-5% | Low 30 me 

Wattmeter difference | 

Thermocouple Heat 2-5% 

Ammeter to 10 mc Medium 100 me 

Diode Voltmeter Voltage 2-10% Medium | 100 cm 

Calorimeter Heat 3% | _ High | 10cm 

P. M. Lamp Heat 5-10% | Medium 200 mc 

Bolometer Heat 3% | Low* | 10cm 

* For high power capacity an attenuating cable is used 
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Fig. 1. Schematic diagram of electron tube wattmeter 

quency power, depending upon the perature is then proportional to the 


heating effect of the current, is by the 
use of a thermocouple ammeter in 
conjunction with a known resistance. 
Knowing the magnitude of the cur- 
rent through the resistance, the power 
can be readily calculated. This method 
has had widespread application not- 
withstanding that in certain applica- 
tions its value as a power measuring 
device is mediocre. Under proper con- 
ditions, however, the thermocouple 
ammeter may be relied upon for ex- 
tremely precise measurements. 
Basically, the thermocouple ammeter 
consists of a d-c voltmeter which meas- 
ures the potential developed across an 
internal thermal junction (thermo- 
couple). The voltage produced is the 
result of current passing through the 
heater, which raises the temperature 
of the thermal junction. Since the 
heater has a definite resistance, the 
power,,and likewise the temperature is 
proportional to the square of the cur- 
rent flowing through it. The voltage 
developed by virtue of the heater tem- 


square of the current. lor this reason, 
unless the indicator portion of the 
meter has specially shaped pole pieces 
the pointer deflection will be approxi- 


mately proportional to the current 
squared. 
Whenever possible the ammeter 


should be connected into the circuit at 
a low potential point, although this is 
not always feasible, in which case a 
shielded meter should be employed. 
This consists of a regular meter with 
a metal shield around its body, the 
shield and internal parts being bonded 
together and connected to the “low 
potential” meter terminal. This  ter- 
minal should be connected to the r-f 
source, while the “high potential” ter- 
minal is connected to the load. The use 
of a shield? and the bonding together 
of internal parts, where possible, great- 
ly increases the accuracy of the meter 
when operated above ground potential. 
These refinements in design eliminate 
to a large degree capacitive charging 
currents which would result in addi- 
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Fig, 2. Typical r-f ammeter correction factor curve 
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tional heat being transmitted tO th 
heater and thereby cause an Crronegy 
indication. Since the current is thr 

a diclectric path the error INCTeage, 
with frequency. : 


Thermocouples 


Some thermocouples are — simply 
mounted on studs set into an insulating 
material. This type is not Particularly 
sensitive and furthermore is Subject 
to air convection currents and changy 
in ambient temperature. The bette 
grade units are enclosed in a glass ep. 
velope and evacuated to approximately 
0.01 mm of mercury. Since the ¢. 
ments are mounted in an_ evacuate 
bulb the cooling of its surface is thy 
radiation therefore a given curren 
will result in a higher heater temper. 
ture and greater sensitivity will } 
obtained. Polished metal elements ar 
usually employed since these are poor 
radiators of heat. 

The resistance of the thermocoupk 
heater increases with frequency, due 
to skin effect. Increased resistance ip- 
creases the total heat produced and 
since the voltmeter is responsive only to 
the changes in temperature of the ther. 
mal junction, the current indicated at 
high frequencies is greater than that 
at low frequencies. Knowing the in- 
crease in resistance due to skin effect 
at a given frequency the approximate 
correction factor can be determined, 
Fig. 2 shows a typical correction factor 
curve of a commercially available in- 
strument. 

Another cause of frequency error in 
r-f ammeters occurs when the impe- 
dance due to capacity of the heater 
terminals becomes comparable with the 
impedance of the heater element. At 
frequencies where this is true, some 
of the current which would normally 
go through the heater is bypassed, due 
to the capacitive path, to the instru 
ment terminals. Eddy currents induced 
in the thermocouple by current passing 
through the heater is sometimes 
troublesome, but in most cases. this 
effect is negligible. By far, the most 
serious error in high frequency meas 
urements is due to skin effect in the 
heater elements. 


Calibration 


Usually r-f ammeters are calibrated 
at 60 cycles and the frequency correc: 
tion factor is calculated for the de 
sired range. Photoelectric methods 
have also been used to some extent. 
These methods, while fairly satisfac 
tory, are limited in accuracy. 

A new method has been developed’ 
and improved* wherein the charac 
teristics of an ammeter can be calc 
lated from measurements of length, 
mass and time. The improved insttt- 
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SYLVANIA P. M. LAMP CHARACTERISTICS 








Type | 
| 


Maximum frequency for Z =R 
Maximum frequency for Rap= Rae | 
Resistance at normal power 
Resistance at Maximum power 
Power Dissipation (Maximum) 
Inductive Reactance 55 mc 
Inductive Reactance 110 mc 





*Reactance is negligible compared to the resistance 





PM-3 PM-6 PM-8 
15 ya 55 mc 
100 200 900 mc 
40 | 110 110 ohms 
70 175 195 ohms 
25 3.5 1 watt 
125 140 *ohms 
300 250 90 ohms 








ment known as an electrodynamic am- 
meter employs jewel bearings in place 
of the quartz suspension originally 
used. This permits a more sturdy con- 
struction and makes the instrument a 
practical standard for the measurement 
of current up to at least 100 mega- 
cycles. 

Briefly, the ammeter resembles an 
air-cooled transformer with a single- 
turn primary and a smaller closed turn 
secondary, which is free to turn on its 
bearing-pivoted axis with respect to 
the primary. The primary carries the 
current to be measured. When the 
secondary is displaced angularly from 
the position of zero coupling, it is acted 
upon by forces which produce mechani- 
cal oscillation about its axis. The me- 
chanical oscillation frequently is di- 
rectly proportional to the amplitude 
of the current being measured, and is 
independent of frequency. The in- 
duced voltage in the secondary lags the 
primary current by 90°, and since the 
secondary current lags its voltage by 
)°, the two currents are 180° out of 
time phase. When current is applied 
through the primary the secondary will 
tend to orient itself perpendicular to 
the primary (zero coupling.) How- 
ever, because of kinetic energy, the 
moving secondary will be carried 
through this point into a region of 
opposing torque until the secondary 
finally comes to rest and reverses in 
direction, thus producing mechanical 
oscillation which is proportional (cycles 
vs time) to the current being meas- 
ured, 


Design Requirements 


The following design features are 
desired in an r-f ammeter for high- 
frequency operation: 


a. Heater leads should be short and 
preferably straight. 


b. Heater mounts should utilize a 
minimum amount of material and 
be as nearly self-supporting as 
practical. 


C. Meter should be shielded electro- 
statically and its internal parts 
bonded together, 
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VOLTAGE METHOD 

The determination of r-f power by 
the measurement of voltage across a 
known load resistor is commonly used 
in radio engineering practice. The ac- 
curacy of this method at low radio fre- 
quencies is entirely satisfactory with 
the ‘usual vacuum tube voltmeter, but 
as the frequency increases the accur- 
acy decreases unless special precau- 
tions are taken to insure maintenance 
of calibration and proper connections 
to the power source. A well designed 
voltmeter will have negligible influence 
on the circuit being measured. It will 
also have adequate sensitivity and its 
calibration will not change appreciably 
with frequency. 

As previously mentioned, dummy 
load resistors are available which can 
be employed as the dissipative element 
for the power source. The choice of a 
suitable load is of prime importance 
and should be carefully considered be- 
fore attempting to make measurements. 
Once the load has been chosen and 
matched to the power source it is then 
a matter of correctly measuring the 
voltage across its terminals and using 
the formula 

FE? 


P= — (3) 
R 


where E is in volts, P in watts and R 
in ohms to determine the power. 


Limitations 


The matter of correctly measuring 
the voltage, however, requires some 
serious consideration, particularly if 
the frequency is above a few mega- 
cycles. The ordinary vacuum tube 
voltmeter begins to contribute an appre- 
ciable loss to the circuit around 30 
megacycles, due to its decreased input 
impedance and the transit time effect. 
Even the acorn type tubes have their 
limitations, although with these tubes 
measurements can be satisfactorily 
made at frequencies of the order of 
200 centimeters if the load resistance 
is low. This is usually the case, since 
most measurements are made at the 
end of low-impedance transmission 
lines. 

Where the load resistance is high a 
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method described by Nergaard® has 
been found very satisfactory. Briefly, 
this consists of using a small diode as 
a rectifier to charge a condenser as 
shown in Fig. 3. The potential devel- 
oped across the condenser is then 
measured by means of a microammeter 
in series with a fairly high resistance. 
This arrangement produces only a very 
small loading effect on the power 
source being measured. Precautions 
should be taken to insure that no 
resonance occurs due to interelectrode 
tube capacity and lead inductance. 
With an acorn type 955 connected as a 
diode, the resonant frequency of inter- 
electrode capacity and leads occurs at 
approximately 50 centimeters. 

When making measurements at very 
high frequencies it is imperative that 
all connecting leads be as short as pos- 
sible because at these frequencies 
leads constitute self-inductances which 
have impedances that can no longer 
be neglected. 

Transit-time effects are still a factor 
when the electrons traveling between 
the tube elements require time com- 
parable with the period of the power 
being measured. In such cases the 
condenser is not able to charge to the 
peak amplitude of the measured volt- 
age and the voltmeter will indicate a 
lower voltage than actually present. 


Voltmeter Calibration 


A method of diode voltmeter calibra~‘ 
tion applicable to wavelengths down to 
20 centimeters has been described by 
Strutt and Knol.6 An r-f voltage 
source is fed to a parallel open wire 
transmission line through a resistor 
equal to the surge impedance of the 
line. The line is then terminated by a 
thermocouple having a known resist- 
ance at the calibrating frequency as 
shown in Fig. 4. Small capacitors are 
connected in series with the thermo- 
couple heater to balance out the self- 
inductance of its leads. The diode volt- 
meter to be calibrated is now con- 
nected across the line at a distance of 
one-half wavelength from the heater 























Fig. 3. Schematic of diode v-t voltmeter 
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termination. After balancing the com- 
pensating condensers for a minimum 
indication at the diode, the voltage is 
calculated by multiplying the heater 
resistance in ohms by the current in 
amperes, aS measured with the ther- 
mocouple. Because the diode is one- 
half wavelength from the heater ter- 
mination, the voltage across its ter- 
minals will be the same as the voltage 
at the terminals of the thermocouple 
heater. 





PHOTOMETRIC METHOD 


For rough checks of power output, 
many engineers simply couple an in- 
candescent lamp to the source of power 
to be measured, and judging from the 
brilliancy of the filament estimate the 
power output. Such remarks as “It 
lights a 100-watt bulb” have frequently 
been heard in this connection. While 
this method does give an indication of 
the power output, obviously it lacks 
accuracy and cannot be relied upon to 
probably closer than plus or minus 
30%, as it is nearly impossible to judge 
the brilliancy of a light source. It is 
therefore necessary to employ another 
incandescent lamp operated from d.c. 
or low frequency a.c. as a comparison. 
In this way it is possible to match the 
brilliancy of the unknown lamp to one 
which is operated from a known source 
of power. A light-intensity or exposure 
meter is sometimes used to assist in the 
matching process. 

Several power-measuring lamps are 
available on the market which have 
been specially designed for measuring 
power output. Characteristics of some 
are shéwn in Table 2. These lamps 
consist of two filaments of similar 
characteristics mounted in one bulb. 
Their small size permits easy connec- 
tion to the circuit to be measured with 
a minimum of lead inductance. One 
filament is connected in the high-fre- 
quency circuit while the other is con- 
nected to a variable source of low 
frequency a-c or d-c power. The power 
in the second filament can be deter- 
mined to an accuracy of 5% with an 
ordinary voltmeter and a characteristic 
curve, as shown in Fig. 5, when the 
brilliancy of the two filaments is ad- 
justed to be the same. 


Skin Effect 


Skin effect decreases the accuracy 
very little because the depth of pene- 
tration of the power being measured is 
equal to, or greater than, the radius of 
the filament of the lamp. Furthermore, 
the small filament with its high thermal 
conductivity makes for uniformity of 
temperature regardless of whether the 
heat is liberated from the entire cross- 
section or just from the outside layer. 
Of course, if the frequency is high 
enough the ratio of d-c to r-f resist- 


26 
















OPEN WIRE _ 
LINE 

















Fig. 4. Diode voltmeter calibrating circuit (after Strutt and Knol) 


ance becomes appreciable, but the r-f 
current will then be less than the d-c 
current so the power will still be equal. 

In view of the above design features 
it is practicable to make power meas- 
urements at any frequency so long as 
it is possible to couple the power into 
the lamp. 


CALORIMETER METHOD 


The calorimeter methods of measur- 
ing r-f power is based on the rise in 
temperature of a fluid surrounding, or 
circulating around, the load element. 
When the power to be measured is of 
the order of a few hundred watts it is 
general practice to insert two carbon 
elements into a double-walled container 
holding a known quantity of water. An 
ordinary chemical beaker or mason jar 
will suffice for the container, if it is 
cooled approximately ten degrees be- 
low room temperature before making 
measurements. The tests should then 
be continued until the temperature of 
the calorimeter is an equivalent amount 
above room temperature. In this way 
errors due to the cooling effect of the 
ambient temperature are balanced out. 


The load impedance may be ad- 
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Fig. 5. Characteristic curve of Sylva- 
nia Type PM-3 power measurement lamp 
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justed by adding salt or distilled water 
until the desired load resistance is ob. 
tained. Should the load be reactive 





(determined by detuning effect on the 
final amplifier) it will be necessary to 
connect a parallel tuned circuit across 
it and any losses in this circuit mug 
be added to the power measured in 
order to obtain the true power output 
Fig. 6 shows a typical measurement 
setup. 


Calibration 


We know that one watt is equal to 
107 ergs per second, and, since one 
gram calorie of heat equals 4.187 x 10' 
ergs, it is obvious that 

Heat'in gram calories per second 

watts 
= — (4) 

4.187 
From the above it can be seen that if 
the heat in gram calories per second 
is known, we can calculate the power. 
This can be readily obtained by meas- 
uring the total weight of the compo- 
nents making up the calorimeter, and 
multiplying each by its respective 
specific heat. Next, measure the ten- 
perature rise of the liquid in degrees 
centigrade per minute, with the power 
being dissipated in the calorimeter 
load, and multiply the two results to- 
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Fig 6. Calorimeter setup for 
high power measurements 
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(Courtesy of Sylvania Electric Products, Inc.) 


Fig. 7. Type B bolometer 


gether. The result is divided by 60 to 
convert the time into seconds which 
gives us the heat in gram calories per 
second. Substituting in equation 5 we 
have the power in watts. 

W = 4.187 X C; (5) 
where C, is the heat in gram calories 
per second. 

An alternate calorimeter method par- 
ticularly suited to the measurement of 
high power output makes use of a 
small carbon element which is designed 
to properly match the transmitter. The 
load element is inserted in a thermal- 
insulated container which has _pro- 
visions for circulating distilled water 
through it. The power can be deter- 
mined by measuring the rate of flow 
of the water and the input and output 
temperatures. These quantities are then 
substituted in the expression, 


, 


W = 4.18 — (4-10) (6) 
60 


where V is the volume in litres per 
minute of the circulating water, ¢, 
and t; are the incoming and outgoing 
water temperatures respectively in de- 
grees centigrade, and IV’ is in kilo- 
watts. 


TUBE DISSIPATION METHOD 

In transmitters having water-cooled 
final amplifier tubes, the power output 
may be determined by measuring the 
d-c or a-c power delivered to the fila- 
ment, grid and plate circuits with or- 
dinary meters. The power dissipated by 
the cooling fluid is then determined by 
its temperature rise and rate of flow. 
The difference between these two 
power measurements is approximately 
equal to the power output. By sub- 


tracting the loss in the output circuit, 
if appreciable, the power being deliv- 
ered to the load will be determined. 


BOLOMETER METHOD 

The bolometer, like the calorimeter 
depends upon the heating effect of the 
current being measured. In this case 
the heat changes the value of a spec- 
ially designed resistor which is used as 
one arm of a Wheatstone bridge. Va- 
rious circuit arrangements may be em- 
ployed.‘ This resistor usually consists 
of a fine platinum wire which has the 
property of changing its resistance as 
its temperature is varied. The element 
is often enclosed in a small evacuated 
bulb as shown in Fig. 7. The charac- 
teristics of one commercially available 
unit is given in Table 3. 

Another unit known as a Thermistor 
has also been widely used. These units 
are physically small and may readily 
be matched in an r-f transmission line. 
In this way all of the r-f power travel 
ing down the line is utilized in heating 
the element. Caution should, of course, 
be taken to insure a minimum of stand 
nig waves on the line, otherwise the 
element might be located at a current 
node and a false measurement would 
be obtained. 

Measurements of high power are 
usually made with an attenuating cable 
between the power source and the bolo- 
meter, since the device ordinarily has 
a low power capacity. The “lossy” 
cable also helps minimize mismatching 
effects which might subject the instru- 
ment to excessive power. 

One type of bolometer employed 
where production measurements are 
required and time is particularly valu- 


TABLE Ill 








CHARACTERISTICS OF TUNG-SOL TYPE B-100 BOLOMETER ELEMENT 





Characteristic 


Resistance at 0.5 ma 
Maximum current, rms 
Optimum Bias Current, rms 
Sensitivity (1% 
Skin Effect to 10,000 me 
Capacitance and Inductance 
Physical Dimensions (Gnaximum( 





a 


change in resistance) 


Rating 
200 ohms (nominal) 
1.25 ma 
0.50 ma 


4.5 microwatts 

5/16” dia. x 144” 
Negligible (to 10,000 mc) 
Negligible (below 1000 mc) 
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able, uses d-c power to heat the bolo- 
meter element to a predetermined point. 
This point is so chosen that the gal- 
vanometer across the Wheatstone 
bridge indicates a balanced condition. 
This initial d-c power is read and 
noted. Next, the r-f power is applied 
and the bolometer element increases 
in resistance due to the heating effect 
of the additional current which causes 
the bridge to become unbalanced. To 
rebalance the bridge galvanometer, the 
d-c power is reduced sufficiently to cool 
the bolometer element to where its de- 
creased resistance restores the balance. 
The difference in d-c power readings is 
equivalent to the r-f power being 
measured. 

When an attenuating cable is placed 
between the power source and the bolo- 
meter it is convenient to measure the 
power in terms of db above a zero 
level of six milliwatts. In other words, 
suppose the power indicated by the 
bolometer is 1.2 milliwatts. This is 
—7 db. Now, if the cable attenuation 
is 10 db, the actual power output is 
—7 + 10 or 3 db. 


Measurement of 
Pulsed Transmitters 

It is often necessary to know the 
power output of a pulsed oscillator or 
transmitter, as for instance a trans- 
mitter employed to send out pulses for 
ionosphere soundings in determining 
layer heights. Transmitters for this 
purpose usually emit pulses of the 
order of several kilowatts, but since 
the percentage operating time is small 
the average power is relatively low. To 
determine the peak power, if both the 
width of the pulse and the repetition 
rate at which it occurs are known, it 
is only necessary to measure the aver- 
age power and divide it by the pulse 
width multiplied by the repetition rate. 
Peak power = 

average power 





repetition rate X pulse width in seconds 

The pulse width should be carefully 
measured, otherwise a _ considerable 
error will result in calculating peak 
power output. 
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The design and construction of an airport communications receiver 
to cover the frequency range of 109 to 144 mc, is discussed 


FFICIENT radio communication facil- 
ities are the backbone of modern 


airway network operation. In view 


of the tremendous. strides that air 
transportation has taken during the 
past few years, authorities have felt 


the need for a more comprchensive, 
reliable and practical air traffic con- 
trol system. Control over approaching 
aircraft has always constituted an ac- 
tive problem. Additionally, it has been 
further aggravated by the introduction 
of new clements of physical hazard due 
to increased size and weight of air- 
craft and increased numbers approach- 
ing a limited landing area. 

Many of the disadvantages prevalent 
in present-day systems present definite 
limitations to the extent of the expan- 
sion of this control, which in turn 
would present a limitation to the ex- 
pansion of air traffic itself. Thus a 
great need was created for the type of 
equipment about to be described. 


Limitations 
Basically, some of the limitations ex- 

perienced with the present operating 

setup were: 
1. Limitation of the number of chan- 
nels available because of the fre- 
quency ranges employed. 

2. An increase in the number of sta- 
tions operating in this frequency 
range would result in an unendur- 
able state of interference between 
different control towers, operating 
on the same _ frequencies, 
though widely separated. 


even 


3. Inherent troubles experienced in 
this frequency range due to at- 
mospheric noises could not be tol- 
erated if reliable liaison was to 
be maintained. 

4. Reliable communication demand- 
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ed the employment of cquipment 
from which fading, echo and other 
similar atmospheric effects were 
completely absent. 

It was felt that these disadvantages 
could be overcome by operation within 
the ultra-high frequency range and 
although it presented some problems, 
of course, in so far as design was con- 
cerned, it had the following points 
very definitely in its favor: 

1. Complete localization of transmis- 
Inasmuch as this range is 
governed entirely by line of sight, 
the waves are not inclined to fol- 
low the curvature of the earth nor 
are they subject to deflection to 
the extent which the longer waves 


sions. 


are. 

2. Complete freedom from  atmos- 
pheric disturbances as well as 
elimination of the fading and 


echo effects which at present are 
encountered on the more con- 
ventionally employed frequencies. 
The advantages realized from these 
features are that a number of control 
towers may operate simultaneously on 
the same band of frequencies without 
interference to each other if they are 
located with a separation of 100 or 
more miles between them. This results 
in a definite localization of the sphere 
of control to within the area over 
which the control tower is the supreme 
arbiter. The reliability of air-ground 
liaison is definitely enhanced by the 
elimination of atmospheric  disturb- 
ances, as well as fading and echo ef- 
fects. Materially, this should result in 
increased safety of operation as well 
as greatly increasing the control facili- 
ties which a single control unit may 
reasonably and efficiently handle. 
Basically, the model RUP Radio Re- 
ceiving Equipment is designed to cover 
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the frequency range of 109 to 14 
megacycles, inclusive, in one contin 
uous tuning range covering approxi: 
mately 500 dial divisions. 


Design Considerations 

When this design was embarked on, 
considerable consideration was given 
to the employment of the super-regen- 
erative type of receiver for operation 
within this frequency range. It was 
felt that there were many advantages 
of this type receiver which were de 
sirable, namely, extremely high sensi- 
tivity in consideration of the number 
of tubes employed as well as the ger 
eral ease of operation and construc 
tion of this type of equipment. How 
ever, it was felt that if proper cart 
was given to the design, a superheter: 
odyne receiver, which presents o 
course many additional advantages, 
could be satisfactorily operated within 
this tuning range with a consequett 
reduction in the number of tuning 
controls employed as well as much 
more stable operation. The much 
greater selectivity of the superheter 
odyne type of receiver was also a vety 
large factor in determining the type 
of equipment ultimately to be designed 
Therefore, it was felt that if propet 
care was given to the elementaty 
phases of design the advantages af 
the superheterodyne type would laf 
outweigh those of the super-regener 
ative type. Considerable advantage 
noise reduction is of course achieved 
in this type of equipment as well 3 
much greater frequency stability. Bott 
of these factors also influenced the 
initial decisions. 


General Description 





The equipment is designed for mout 
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ing a standard cabinet type relay rack, 
The main chassis of the receiver and 
power supply is formed of .062 steel, 
which is seam-welded to present a very 
rigid type of construction. The finish 
applied to the chassis has proved to 
be of some importance in the radio 
frequency section because of the fre- 
quency range employed. The initial 
finish consists of .002” cadmium plate, 
followed by .002” of copper plating. 
This has resulted in very good surface 
conductivity of the chassis and has 
served to keep the entire chassis at 
amore uniform potential. The exterior 
finish of blue glyptal is applied to pro- 
tect the copper from corrosion. 

The receiver as well as the power 
supply are mounted on a_ standard 
seven-inch relay rack panel which in 
turn, carries all operating controls. The 
power supply for the receiver is an 
integral part of the chassis and is 
located in the left rear portion of it. 
The entire unit is enclosed within a 
dust cover which may readily be re- 
moved for inspection and maintenance. 
The speaker panel, which may be 
mounted either adjacent to or remote 
from the receiver portion of the equip- 
ment, is a separate seven-inch relay 
rack panel on which is mounted a six- 
inch permanent-magnet type dynamic 
speaker, together with the output coup- 
ling transformer. The receiver itself 
is a thirteen-tube superheterodyne of 
conventional design, but modified to 
meet certain rigid CAA specifications. 
Two voltage regulator tubes are em- 
Ployed in the equipment bringing the 
total number of tubes used to fifteen. 
Rugged construction together with ex- 
cellent mechanical design and construc- 
tion make this a piece of equipment 
Which is capable of withstanding the 
arduous requirements of control tower 
Operation. Front, top and below deck 
views of the equipment are shown in 
Figs. 1, 2 and 3. 


Fig. 2. Top view cf new 
u-h-f communications re- 
ceiver (experimental model) 


Controls 
The following controls are provided 
on the receiver front panel: 


Tuning Control 

R-F Gain Control 
A-F Gain Control 
Power on-off switch 
. Indicator Light 

6. A.V.C. on-off switch 
7. CONS, on-off switch 
8. Phone Jack 

9. Two fuse receptacles. 


1. 
2 
a 
4, 
5 


The gain controls are equipped with 
bar type knobs and switches are all of 
the standard toggle type. 


Circuit Description 


The circuits, both tuned and untuned, 
employed in the type RUP receiver are 
fundamentally those of the conven- 
tional superheterodyne en- 
compassing such modifications as are 
necessary for high-frequency operation 
and to conform to CAA specifications. 
In the original model of this equip- 
ment, “hairpin” type single-turn induc- 
tances were used in all radio fre- 
quency circuits. These were, however, 
replaced in later models by this use of 
a more conventional spiral wound in- 
ductance. The radio-frequency  cir- 
cuits, of which there are four, includ- 


receiver, 


Fig. 1. Front view of 
experimental model of 
receiver 
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ing the oscillator, are tuned by means 
of a single gang condenser which 13 
back-geared through a National NPW- 
O gear reduction drive to the 500-di- 
vision National dial employed for tun- 
ing the equipment. 

The intermediate-frequency ampli- 
fier circuits are of conventional design 
which, however, feature extremely 
high sensitivity coupled with an excep- 
tional order of stability. Output cir- 
cuits of the receiver are designed to 
feed into a 20,000 ohm load, which 
may consist of the speaker previously 
mentioned or a suitably loaded head- 
phone circuit tapped at 600 ohms. A 
relay is provided in the output circuit 
to allow remote control of the output 
of the equipment. This relay is oper- 
ated from a six-volt d-c source. A jack 
is provided for the headphones, which 
should be of the low-impedance (600 
ohm) type to match the output circuit 
provided for moniting purposes. The 
schematic diagram of the complete 
equipment is shown in Fig. 4. 

The following tubes are employed 
in the equipment in the positions desig- 
nated below: 


Circutt 

Position Type Function 

V-1 9001 First R. F. Amplifier 

V-2 9001 Second R. F. Amplifier 

V-3 9001 Converter 

V-4 9002 Oscillator 

V-5 6AC7_ First I. F. Amplifier 

V-6 6AC7 Second I. F. Amplifier 

V-7 6SL7_ ‘Detector in CONS 

V-8 6SL7_ First Audio & Noise 
Peak Limiter 

V-9 6V6 Output 

V-10 6SJ7. AVC 

V-11 6SL7. CONS Control 

V-12 84 Rectifier for output 
stage 

V-13 80 Main Rectifier 

V-14 VR-150 Voltage Regulator 

V-15 VR-105 Voltage Regulator 


Radio Frequency Circuit 

Two radio-frequency amplifier stages 
are employed in the receiver in order 
to achieve the desired sensitivity, which 
is in the order of five microvolts for 
an output of % watt. The first radio- 
frequency amplifier, V-1, employs a 
9001 pentode, and the radio-frequency 
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signal is fed from a 70-ohm concentric 
line, which is plugged into J-1, the in- 
put of the receiver. A trimmer con- 
denser is provided across this input cir- 
cuit so that the circuit may be tuned 
to resonance within the frequency 
range of the receiver. 

The output of the first radio-fre- 
quency amplifier is coupled by means 
of a tuned circuit L-2, C-6, to the grid 
of the second radio frequency amplifier 
stage through a coupling condenser 
C-19. Resistors R-5 and R-6 are pro- 
vided in this circuit in order to prop- 
erly load the circuit to provide uni- 
form amplification over the entire 
tuning range. 

A sensitivity control R-4 in the cath- 
ode circuit of l’-7 is provided in order 
to control the sensitivity of the re- 
ceiver circuits and to provide for the 
adjustment of the sensitivity to a con- 


stant or reference value at any fre- 
quency within the range of the re- 
ceiver. 


The second radio-frequency amplifier 
V-2, which is similar in most respects 
to the first radio-frequency amplifier, 
is coupled to the converter V-3 by 
means of a coupling condenser C-20. 

The converter circuit and its asso- 
ciated components, which include 
Hartley oscillator (I’-4) circuit, com- 
prise the frequency-conversion portion 
of the equipment. Here the incoming 
radio frequency’ signal amplified 
through V’-1 and V’-2 is fed into one 
portion of l’-3, while the local oscilla- 
tor signal generated by I’-4 is fed into 
another *portion of /7-3. Screen-grid 
injection is employed and every effort 
has been made to maintain the value 
of the oscillator voltage constant by 
means of slight loading of the circuit 
through the medium of the relatively 
low impedance of the cathode-coupling 








point on the oscillator coil. 

Complete and satisfactory single-dial 
tuning operation is achieved through 
the medium of the four-gang condenser 
and the National NPW dial through 
its associated gear box. No additional 
tuning controls for bringing any re- 
ceiver circuits or input circutis to 
resonance are provided. Careful align- 
ment of all radio-frequency circuits, as 
well as the excellent design achieved 
therein, make this type of operation 
entirely feasible within this frequency 
range. 

Frequency stability is a particularly 
outstanding feature of this receiver. 
After a preliminary warm-up period 
of four hours, the resonant frequency 
does not change more than .01% dur- 
ing a period of four hours at constant 
room temperature and humidity, and 
the resonant frequency does not change 
more than .05% during a correspond- 
ing period with a variation in ambient 
temperature from —10 to +50 degrees. 
It is felt that this frequency stability 
is more than ample considering the 
stability of the transmitters which will 
be employed in this type of operation 
as well as the possibility of drift 
emanating therefrom. 


I-F Circuits 

The i-f amplifier in this receiver is 
conventional in circuit design V-5 is 
the first i-f amplifier and V-6 the 
second. 

The i-f transformers employed de- 
serve special mention, however, due to 
their relatively high-gain characteris- 
tics coupled with a rather broad tuning 
characteristic which is desirable for 
the type of operation which it was 
hoped to achieve. The band-pass char- 
acteristic of this amplifier is in the 
order of 80 kes wide at 2 X down, 


Fig. 3. Under chas- 

sis view of experi- 

mental model of 
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which has been found ample for most 
communications work falling within 
this frequency range. 








Detection 



















































A conventional diode system of de. 
tection is employed in this equipment 
resulting in the audio output Voltage 
being directly proportional to the per- 
centage of modulation of the R, F 
input signal for modulations falling 
within the range of 5 to 100%. The 
noise limiter employed is of the shunt 
type which automatically adjusts itself 
to any carrier level between approxi- 
mately 20 microvolts and 1 volt and js 
so adjusted that effective limiting ac. 
tion, i.e., (limitations of noise peaks) 
takes place when their amplitude ex. 
ceeds that corresponding to 100% 
modulation. 


Automatic Volume Control 


Automatic volume control is, of 
course, provided and may be cut in or 
out at will by means of a switch pro- 
vided on the front panel. With the 
AVC switch in the ON position and 
the R-F Gain Control at maximum, the 
power output does not vary over three 
decibels when a modulated r-f signal 
of 20 microvolts is applied and the a-f 
Gain Control adjusted so that 50 mill- 
watts audio output is achieved, com- 
pared to increasing the input to one- 
half a volt. In other words, over the 
range of from 20 microvolts to one- 
half volt input, the power output of § 
the receiver does not vary more than 
three decibels. 


Second Detector—CONS—Noise 
Peak Limiter 


The first audio amplifier, which en- 
ploys the second section of the type 
6SL7G as a noise peak limiter, is con- 
ventional as well as the output stage 
which employs a type 6V6 tube. The 
volume control placed in the input of 
the first audio amplifier permits attenu- 
ation of the audio amplifier from its 
maximum output down to 1 milliwatt 
or less. This gain control is so tap- 
ered that, in the absence of an AVC 
or CONS action an approximate 
logarithmic increase in audio output 
is achieved as the control knob is r0- 
tated clockwise. 


Noise Suppressor 


The carrier-operated noise suppressof 
circuit employed in this receiver 18 
conventional in design insofar as tt 
renders the receiver inoperative unt 
the input signal has increased in amt 
plitude to a certain definite value. This 
value is of course a function of the 
setting of the sensitivity control; how 
ever, with the sensitivity control s¢ 

[Continued on page 
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SYMBOL DESCRIPTION Fig. 4. Schematic diagram C-42 1 mfd. 600 V., 10%, paper oil filled 

of communications receiver C-43 100 mmf. 500 V., 10%, nica 
R-1 1 megohm, } watt, 10% C-44 01 mfd. 500 V., 10%, mica 
R-2 1000 ohm, 12 watt, 10% C-45 001 mfd. 500 V., 10%, mica 
R-3 250,000 ohm, ¥2 watt, 107% YMBOL DESCRIPTION C-46 16 mfd. 150 V.,, electrolytic 
R-4 5,000 ohm, watt, 10%, ww. pot. : C-47 02 mid. 500 V., 10%, mica 
R-5 1,000 ohm, % watt, 10% C-1 P/O 4 section variable C-48 Deleted 
R-6 1 megohm, ™% watt, 10% C-2 P/O 4 section variable C-49 Vielened 
R-7 1,000 ohm, %4 watt, 10% C-3 P/O 4 section variable C-50 Deleted 
R-8 150,000 ohm, Zwatt, 10% C-4 P/O 4 section variable C-51 01 mfd. 500 V., 10%, mica 
R-9 1,000 ohm, % watt, 10% C-5 25 mmf, variable C-52 ‘01 mfd. 500 V., 10%, mica 
R-10 1 megohm, 1% watt, 10% C-6 25 mmf. variable C33 15 mfd. 600 V., 10%, paper oil 
R-11 1 megohm, % watt, 10% C-7 25 mmf. variable filled 
R-12 1000 ohm, watt, 10% C=5 25 mmf. variable : . C-54 4 mfd. 600 V., 10%, paper oil 
R-13 1 megohm, % watt, 10% C-9 500 mmf. 500 V., 10%, mica filled 
R-14 250 ohms, % watt, 10% C-10 300 mmf. 300 V., 10%, mica C-55 4 mfd. 600 V., 10%, paper oil 
R-15 40,000 ohms, 1% watt, 10% C-11 500 mmf. 500 V., 10%, mica filled 
R-16 1000 ohms, 12 watt, 10% C-12 500 mmf, 500 V., 10%, mica C-56 4 mfd. 600 V., 10%, paper oil 
R-17 1 megohm, % watt, 10% C-13 500 mmf. 500 V., 10%, mica filled 
R-18 250 ohms, % watt, 10% C-14 500 mmf. 500 V., 10%, mica C-57 4 mfd. 600 V., 10%, paper oil 
R-19 40,000 ohms, % watt, 10% C-15 500 mmf. 500 V., 10%, mica filled 
R-20 1000 ohms, % watt, 10% C-16 500 mmf. 500 V., 10%, mica C-58 4 mfd. 600 V., 10%, paper oil 
R-21 47,000 ohms, %4 watt, 10% C-17 500 mmf. 500 V., 10%, mica filled 
R-22 6800 ohm, % watt, 10% C-18 500 mmf. 500 V., 10%, mica C-59 16 mfd. 150 V., electrolytic 
R-23 160,000 ohms, 1 watt, 10% C=19 100 mmf. 500 \ a 10%, mica C-60 Deleted 
R-24 1 megohm, % watt, 10% C-20 50 mmf. 500 Vv. 10%, mica C-61 01 mfd. 500 V., 10%, mica 
R-25 1 megohm, %4 watt, 10% C-21 50 mmf. 500 V., 10%, silver mica 
R-26 100,000 ohm, 4 watt, 10% C-22 500 mmf. 500 V., 10%, silver mica 
R-27 100,000 ohm, % watt, 10% C-23 01 mfd. 500 V., 10%, mica COILS 
R-28 1 megohm, 4 watt, 10% C-24 01 mfd. 500 V., 10%, mica : ; 
R-29 220,000 ohms, % watt, 10% C-25 01 mfd. 500 V., 10%, mica L-1 Ist RF. coil 
R-30 500,000 ohms potentiometer C-26 .01 mfd. 500 V., 10%, mica L-2 2nd R.F. coil 
R-31 250 ohms, 2 watt, 10% C-27 01 mfd. 500 V., 10%, mica L-3 Converter R.F. coil 
R-32 20,000 ohms, 10 watt, 10%, ww. G-28 01 mfd. 500 V., 10%, mica L-4 Oscillator coil 
R-33 600 ohms, %4 watt, 10% C-29 01 mfd. 500 V., 10%, mica L-5 Ist I.F. transformer 
R-34 47,000 ohms, 2 watt, 10% C-30 01 mfd. 500 V., 10%, mica L-6 2nd LF. transformer 
R-35. 200 ohms, %4 watt, 10% C-31 .025 mfd. 600 V., 10%, mica L-7 3rd LF. transformer : 
R-36 100,000 ohm, 14 watt, 10% C-32 250 mmf. 500 V., 10%, mica L-101 Filter reactor, 10 H, 125 MA 
R-37 1 megohm, % watt, 10% C-33 250 mmf. 500 V., 10%, mica L-102 . si onl ipa 
R-38 4 megohm, %4 watt, 10% C-34 01 mfd. 500 V., 10%, mica L-103 ' ; oe 
R-39 200 ohms, 2 watt, 10% C-35 250 mmf. 500 V., 10%, mica T-1 Power transformer, 600 V CT @ 
R~40 200 ohms, 2 watt, 10% C-36 100 mmf. 500 V., 10%, mica 125 MA; 6.3v @ 4 amp.; 5 v @ 
R-41_ 250 ohms, 2 watt, 10% C-37 01 mfd. 500 V., 10%, mica - 2 amp. 
R-42 22,000 ohm, 2 watt, 10% C-38 .l mfd. 600 V., 10%, paper oil T-2 Audio transformer 
R-43 250 ohms, % watt, 10% filled p/o 3 sect. 
R-44 10,000 ohms, potentiometer C-39 .1 mfd. 600 V., 10%, paper oil SWITCHES 
R+45 10,000 ohms, 4 watt, 10% filled p/o 3 sect. ; 
R-46 1750 ohms, 20 watt, 10%, ww. C-40 .01 mfd. 500 V., 10%, mica S-1 Power switch, SPST 
R-47 150 ohms, % watt, 10% ww. C-41 .1 mfd. 600 V., paper oil filled S-2 AVC switch, SPST 
R-48 10,000 ohms, 14 watt, 10% p/o 3 sect. S-3 CONS switch, SPST 
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MAGNETRON 


Microwave Oscillators 


HILE spark gaps were used for 

generation of microwaves back in 

1890 by Hertz, Lecher, and others, 
the present-day trend is toward con- 
tinuous wave generators. 

Of these, the most useful are oscilla- 
tors of the magnetron type. The mag- 
netron is undergoing rapid and dra- 
matic evolution, and is challenged only 
by the Klystron developed by the 
Varian brothers. 

One of the most interesting develop- 
ments concerns tubes in which the res- 
onant element is but a fraction of the 
anode structure and which are capable 
of realizing power outputs up to 300 
watts. 

. 


Operation 


The conventional magnetron is illus- 
trated in Fig. 1. The space current is 
controlled by the positive potential ap- 
plied to the anode as well as by mag- 
netic lines of force parallel to the 
cathode. 

When the magnetic field is raised to 
a certain critical value, electrons emit- 
ted from the cathode and drawn to the 
anode by the electrostatic field no 


GLASS 


ELECTROMAGNETIC 
ENVELOPE COIL 


Fig, 1. Conventional magnetron 
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Fig. 2, Analogous circuit of magnetron 


longer are able to reach the anode; this 
is due to the acceleration experienced 
by the electrons in the magnetic field, 
introducing a componen: of force which 
results in a circular path of travel. In- 
deed, electrons may be caused to travel 
in a diminishing spiral, returning to the 
cathode and inducing back-heating 
effects. 

With the circuit of Fig. 2, operating 
in conjunction with a magnetic field 
near the critical (cut-off) value, a neg- 
ative resistance is seen by the line 
which accordingly oscillates and devel- 
ops power at its resonant frequency. 

It will be appreciated that the high- 
est frequency which mzy be attained by 
such a tube must be limited by the 
dimensions of the anoce structure, and 
that the highest power which may be 
dissipated must be in the inverse rela- 
tion. Thus a conflict between power 
and frequency becomes at once appa- 
rent. In the present effort to realize 
appreciable power in the microwave 
range (10° to 10° mc), the line which 
has found extensive application in the 
UHF region gives way to the cavity. 

The concept of the ‘ine is useful, as 
it stands in a position intermediate to 
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the resonant LC circuit and the cavity. 
Whereas, in classical theory, electrical 
energy is regarded as flowing in wires 
and plates of capacitors, analysis of 
lines has led to the point of view of 
guided energy. The field between the 
conductors of the line is now regarded 
as the important aspect of the circuit, 
while the conductors do no more than 
point out a direction for the fields to 
travel, 

If one of the conductors of the line is 
developed into a tube enclosing thé 
other conductor, we arrive at the con 
centric line. It has been found possibl¢ 
to take a further step, removing the 
central conductor and arriving at thé 
wave guide, or in another guise the 
cavity resonator. In the primary analy- 
sis, Cavity resonators need be no more 
mysterious than resonance of sound 
frequencies in a rain barrel. In the 
case of sound the agitated air in the 
barrel represents a field of sonic 
energy. The resonant rise of energy at 
the natural frequency of a cavity res- 
onator is quite similar, if the analogy 
is not pressed too far. 

[Continued on page 74] 


CAVITY ELECTROMAGNET 


CAVITY 


Fig. 3, Cavity resonator magnetron 
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RADIO DESIGN WORKSHEET 


VECTOR RELATIONS; CONSTANT CURRENT CIRCUITS; POWER SUPPLY 
NOISE REDUCTION; IMPEDANCE RELATIONS OF 


AUDIO TRANSFORMER 





VECTOR RELATIONS 


| One interesting property of vectors 
s that the vector sum of two equal 
ectors differing in phase by an angle 

Mother than 0 or x radians always differs 
n phase from the difference of the two 
qual vestors by zw, radians. To show 
his, let a be one vector and b the other, 
bs shown in Fig. 1. 


Let J; = vector sum of a and b 
Let J: = vector difference of a and b 
Let 6= phase difference between a and b 
ILL= a + b + 2ab cos 6 
. I1,= a’ + b? — 2ab cos 6 
» Let @—= 7/2 radians 


m Then /; bisects 6 and differs from a and 

“ b by 7/4 radians. 

¥ I; bisects the angular difference be- 

tween —b and a or differs from 

; —b by 7/4 radians. 

@1n any case /; bisects 6 and Is bisects T—8. 

w Whence the angle a and between J; and /2 
™—O 6 


+—=—T7 
9 





isa + 
2 2 
2a + 7-06 + 0=>27 
4a = 7 
a= 7/2 


‘CONSTANT CURRENT CIRCUITS 


Fig. 2 shows a common constant 
ircuit which has found much use in 
emote controlled unattended wire and 
xed point-to-point radio stations. Such 








Figure 1 
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Figure 2 


a circuit might be used to supply fila- 
ment current, for example, over a 
wire line. It was first developed for 
use in series arc light systems. 

In order to determine the relations 
that must exist between the series arm 
and shunt arm, refer to Fig. 3. Here 
series arm A and shunt arm B are 


4 


| 


generalized impedances. To determine 
the mathematical relations we can use 
Thévenin’s Theorem, which states that 
a network containing a single source 
of voltage and a load impedance con- 
nected across two terminals may be 
replaced, so far as the load impedance 
is concerned, by a voltage in series 
with an impedance. This voltage is the 
one which would appear across the 
load terminals with the load removed 
and the impedance is that looking into 
the load terminals with the source of 
voltage short circuited. The open-cir- 
cuit voltage (R disconnected in Fig. 3) 
across terminals 3, 4 is: 
E, = Bl, = BE/A +B 

The impedance E looking into ter- 
minals 3 and 4 with E short circuited 
iS: 
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Figure 3 


Z = AB/A +B 


Whence the equivalent circuit of 
Fig. 3 is that shown in Fig. 4. 


BE/A+B 


‘~~ "(AB/A4+B)-+R 
BE 
=< ieee 
AB+R(A+B) 











Let A be an inductance and B a 
capacitance. At the resonat frequency 


A+B=0 
Whence equation (1) becomes 
BE E E 


I; — =—=-_ ee el 


AB a” joL 


Thus the current is determined by 
the magnitude of the applied voltage 
and the impedance of the series arm 
and is independent of the value of R. 
The series arm might have been a 
capacitance, as shown in Fig. 5, in 
which case 

L= jEoC 


Which holds when: 


gol. = Lfjee or PL =o 1.0.03: (2) 
It is obvious that Fig. 2 is also a low- 
pass filter circuit, the cutoff frequency 
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Figure 6 
of which is 
f=1/7 yIC 
But from (2) we have 
Resonant frequency = f’ = 1/27 yLC 
Therefore, f'/f = 1/2, or f’ = f/2 
That is, the low-pass filter circuit of 


Fig. 2 is a constant current circuit at 
% the cutoff frequency. 


POWER SUPPLY NOISE 
REDUCTION 


A number of interesting circuits 
have been devised to reduce power 
supply noise now in amplifier circuits. 
Some have been sufficiently practical 
to be widely used. Many others have 
been critical in adjustment and have 
had little use in apparatus. In general, 
circuits involving a balancing of volt- 
ages or phase or both have been too 
critical in adjustment for general 
usage. One circuit which has been 
widely used is shown in Fig. 6. It 
does involve a balance of voltages but 
the balance is broad and considerable 
improvement can be shown in noise re- 
duction even though the circuit is out 
of balance by 20%. 

= amplification factor of tube 
R, = plate impedance of tube 
£ = ripple voltage 








I, ripple current 
Aan = oe Se ae 
27 fCy oC, 
jXe R, 
Z= — — 
Ri—j Xe 


Applying Kirchhoff’s law to the cir- 
cuit of Fig. 6 yields: 
Ts (R3s+Ri4+-Zes) = I, 
[. (Ke4-2Z,) \4+-L2Z.=—€ 
Io Z1 + Te (Rp t+Z24+Zi1) = uw Zey Is 
at minimum ripple in plate circuit of 
tube : 








Iz=0 
M 
Rp | ale 
Z— ~—i, L.. <= €, 2, 
\ 
a Eo 
Figure 8 


Whence 
1.2: — UZ cals 
And: 
R:/Z,1 — (R:+Rit+Zcs) Is 
Admittance: 
Y, = (1/R:) — jos 
Ys —_—_- joCs 
URsY, = (Ri+Rs+Zes) Y; 
HRs; [(1/R1)—7oCi] = 
—joC3(Rs+R,) — 1 
and 
Ci 1 
= — [(R/Rs) + 1] 
or i 
Whence: Ri = wR; 

Other balances can be had which 
will reduce the noise equally well but 
are somewhat more critical. One of 
‘these involves reducing R, to zero and 


NOISE VOLTAGE 








C3 
Figure 7 


replacing C, and Cs with a resistor 
and capacitor in series. 


IMPEDANCE RELATIONS OF 
INTERSTAGE AUDIO 
TRANSFORMER 


The secondary win‘ting of an inter- 
stage or input transformer is custo- 
marily terminated in a vacuum tube, 
which has a complex input impedance. 
In the audio range this impedance can 
be considered as a positive resistance 
in series with a capacitance. The equi- 
valent circuit of an interstate trans- 
former is shown in Fig. 8. 

Z, represents the primary impedance 
with the secondary transformer wind- 
ing open circuited. Z, represents the 
impedance looking into the transformer 
secondary with the primary on open 
circuit. Thus: 

A + Ks 


Zo = Rz + 1Xs 
The turns ratio of the transformer is: 
N — V Loli Teer Te ree eee (1) 


At low audio frequencies the input 
impedance of the tube fed by the sec- 
ondary is very high. Thus to a first 
approximation the secondary termina- 
tion for very low audio frequencies 
can be considered infinite. Therefore 
the impedance looking into the primary 
at low audio frequencies is the same 
(to a few approximations) as if the 
secondary were on open circuit. That 
is: 

A= + jX1 
Li = Ei/Rp+7X;i (to a first 
approximation ) 


Again, at low frequencies Z, can 


generally be neglected in comparison 
with Z, without appreciable error, And 
we have: 
Iz = WMEj/(Rpt+jX1)Zs ..... (2) 
The coefficient of coupling of th 


Q 
transformer is by definition: 


K = M/yL. L. 
At unity coupling: 
K =) 
M == Wie ie 
wM = VXi Xs 
From (1) we have: 
N* x X72, 
N°X% = Xz Xi 
NX: = VX1 X2 = oM 


And, from (2) 
Tp = @ME,/(Rp+jX1)Zs 
= NXiE./(R,+4X1)X, 
Ez — Zel0 — NX3Es/(Rp+jX1) 
— oME;/R,> + 1X 


B as E2/E, 
B? = N°X2/(Rp+5Xi)? 
= wWM’/R, + X? 
= N°X7/R,’ + X?...... (3) 


It may be shown that to a first ap- 
proximation 


wo Mf? 
— = NXi-=a........(4) 
X1 
And it follows that, from (4) 
Xi =< a/N?* Seeevsivsncecovseees (5) 
hx; aX, 
B* (6) 





—- Re+X? — Rp+X2 wre. 
Substituting (5) in (6) yields 


2 





a 
Bp? = —___—_—_ 
N?(Re-+-X;*) 
N2 
Multiplying by —- 
N2 
N*a* N*a 





=. = 
N‘(R?+-X:’) NR?+¢ 


To determine a maximum voltage 
ration, let: 
6 
— (f*) =0 
5X 
Whence: 
N*a?(4N°R,?) = 2Ne?(N'R, +0") 
Therefore B is a maximum when 
a= WR, 
Or Ke = Zs 
For higher frequencies, 
have: 


say w, We 


@; 
As — @, L, —_— e 


® 


N*R,’ @; /o° 


Ry’ («*-+-0;°/0"*) 

And B = N when a, is very much 
greater than ». It therefore follows 
that the frequency at which X, = Rf, 
holds should be well below the desired 
low frequency cutoff of the trans 
former. 


B 
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NEW L-F TRANSMITTER 

Federal Telephone and Radio Corpora- 
tion has developed a low-frequency trans- 
mitter for use in Arctic regions by the 
CAA. It is necessary to use low fre- 
quencies in this area because they are not 
seriously affected by magnetic storms, so 
prevalent in these regions, which make 
communication at high frequencies ex- 
tremely uncertain. 

The various units comprising this trans- 
mitter include an Exciter Unit, Main Rec- 
tiier Unit, and Antenna Tuning House. 
The entire transmitter operates from a 
230-volt, 3-phase, 60-cycle power supply. 
Complete remote control of the transmitter 
for single-frequency operation can be ac- 
complished through the use of a dial and 
relays similar to those used on home tele- 
phones. 

The Exciter Unit, shown in Fig. 1, is a 
complete, continuous wave transmitter in 
itself and can be used independently of the 
Power Amplifier and Main Rectifier Unit. 
It will deliver at least 500 watts of power 
on any frequency between 80 and 200 kilo- 
cycles. Keying speeds up to 200 words per 
minute are obtained through the use of an 
electronic keyer. 

The Power Amplifier Unit is shown in 
Fig. 2. This unit is normally used at one 
operating frequency but it can be set up 
for use on any frequency in the range of 
the Exciter Unit. At any operating fre- 
quency within this range it will deliver 





Figure 1 


10 kilowatts of power. This output is ob- 
tained through the use of a single, Typé 
892R, tube with conventional grid and 
plate tuning circuits. Since this tube is of 
the air-cooled type, the danger of freezing, 
that would be present with a water-cooling 
system, is eliminated. 

The Main Rectifier Unit (Fig. 3) em- 
ploys 6, Type 872A, mercury-vapor recti- 
her tubes in a conventional three-phase, 
full-wave circuit. It supplies all of the 
plate power required by the Power Am- 
plifier Unit. Included in this unit are the 
contactors required for starting the recti- 
fier and for remote control. 

Each of the three transmitter units is 
provided with convenient terminal boards 
and is arranged so that interconnecting 
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Figure 2 





Figure 3 


leads can be placed in sheet metal ducts 
located in the floor. The radio-frequency 
connection between the Exciter Unit and 
the Power Amplifier Unit can be made 
with a two-conductor, shielded r.f. cable 
placed in these same ducts. Connections 
to the Antenna Tuning House can be 
made with a flexible coaxial cable. Both 
of these cables have a characteristic impe- 
dance of 70 ohms. 

The antennas commonly used with this 
transmitter are of the flat-top type and 
their effective lengths are considerably less 
than a quarter wave. Their effective ca- 

To properly tune these antennas, con- 
siderable loading is required and for ef- 
ficient operation this loading should intro- 





Figure 4 
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duce little loss in the antenna circuit. The 
inductors, shown in Fig. 4, have been de- 
signed to meet these conditions and include 
a number of features which are normally 
disregarded at higher radio frequencies: 
Their Q at the operating frequencies is at 
least 1500. Losses, which would arise if 
the materials normally used to construct a 
building entered the field of the Inductors, 
are kept to a minimum by surrounding the 
inductors with a Faraday screen. 

Some of the circuit details employed in 
the equipment shown may appear quite 
novel to those accustomed to high-fre- 
quency equipment. For example, all tuned 
circuits are adjusted by means of variome- 
ters. If variable capacitors were employed 
for this purpose, they would be either ex- 
cessively large or would give only a very 
limited tuning range. 


NEW ACME CATALOG 

A new, standard size, 8% x 11, two- 
color illustrated catalog entitled Radio 
Transmission Transformers has been pre- 
pared for engineers and designers by The 
Acme Electric & Mfg. Co. of Cuba, New 
York. 

This new catalog lists specifications and 
other essential data on plate supply trans- 
formers, both air-cooled and oil insulated 
types; filament transformers, high leakage- 
reactance transformers, filter reactors, in- 
terstage transformers, and plate modulation 
transformers. 


TORQUE DRIVER 


Said to completely eliminate all danger 
of over or under-tightening, thread strip- 
ping, material-damaging, a new torque 
screw and bolt driver has been announced 
by Richmont, Inc., 215 W. 7th Street, Los 
Angeles. It is 734” long, with a 1.30” 
diameter handle. 

This new driver, known as the Liver- 
mont Roto-Torq, may be adjusted to any 
torque desired between 1 inch pound and 








25 inch pounds for setting screws, small 
nuts, bolts, etc. Because it disengages 
itself to the proper torque, it is impossible 
for the operator to tighten beyond the pre- 
scribed fit or tightness. 

The mechanism operates on a new spring 
principle and is not to be confused, it is 
said, with a clutch, cam or friction prin- 
ciple. Torque tolerances are very close 
and the torque is not influenced by exces- 
sive oil or other normal foreign material, 
nor by the way it is held or used by the 
operator. 

[Continued on page 58] 
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HE MOST IMPORTANT and, in many 

respects, the most satisfactory phon- 

ograph pickup device in use today 
makes use of a Rochelle salt crystal 
element for generation of signal volt- 
age. The completed assembly is known 
as a crystal cartridge. 

The elements may be had in a va- 
riety of sizes and shapes, the practical 
result of which is a variation of capa- 
city, hence, impedance. Thus we find 
in use elements which vary in imped- 
ance from 75,000 ohms to 225,000 ohms, 
measured at 1000 cycles. 

Rochelle salt elements are subject to 
certain temporary changes of charac- 
teristics with changes in temperature, 
the most important of which is an in- 
crease of impedance with increase of 
temperature. Prolonged exposure to 
ambient temperatures in excess of 130 
degrees F. will usually cause a per- 
manent change in characteristics, so 
some thought should be given to proper 
cabinet ventilation in radio-phono- 
graphs, that tube heat be not permitted 
to rise and concentrate in the closed 
phonograph compartment. 


Humidity Protection 

Since Rochelle salt is soluble in 
water, the element is carefully coated 
to avoid absorption of moisture and to 
prevent dehydration as well, since a 
certain amount of moisture content is 
essential to proper operation. 

The majority of elements in use are 
known as bimorphs which, as the word 
indicates, are made up of two plates, 
cemented together with a conducting 
metallic foil between. Such construc- 
tion provides a great deal more sta- 
dility in characteristics, particularly 
from a temperature standpoint, and in- 
creased sensitivity as well. Fig. 1 (a) 
llustrates a bimorph element. 


Bimorph Types 

Bimorph elements are usually sup- 
plied in two types, commonly known as 
benders and twisters. Each has its own 
particular advantages, depending on 
the mechanical forces to be applied, 
and the choice should be made accord- 
ingly. Both have been used in pickup 
construction, with the twister or tor- 
sional type the most acceptable. See 
Fig. 1 (b). 


A conventional crystal cartridge as- 
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sembly is shown in Fig. 2 (a). A hous- 
ing, or half-shells, to complete the as- 
sembly is not shown. The assembly 
consists of a crystal element, two 
mounting blocks, one clamp rubber, one 
or two damping blocks, a chuck, two 
rubber sleeve bearings, a needle screw 
and a needle. Half shells provide 
proper clamping of the bearings, the 
damping blocks and the mounting 
blocks. The crystal used is of the tor- 
sional type. 

In operation, the mounting blocks 
secure the crystal element against any 
appreciable loss of torsional force ap- 
plied to the opposite end; they do, 
however, permit vertical motion of the 
free end of the element so that strains 
in assembly will not cause damage. 
The mounting blocks are of resilient 
material, preferably with some damp- 
ing ability. The choice of material is 
important, and will be given consid- 
eration later. 

The chuck, usually of die-cast metal, 
is slotted in such a way that by means 
of a thin sheet of rubber, the free end 
of the element is resiliently held in the 
chuck, and torsional force appearing 


in the chuck is thus transferred to the 
element. Damping blocks, _ resilient 
material with great damping ability, 
are held by pressure between flat faces 
of the chuck and the half shells, which 
are not shown. One or two such blocks 
may be used, dependent upon desired 
characteristics. Two rubber bearings 
clamped by the half-shells surround- 
ing round portions of the chuck, limit 
substantially all motion of the chuck 
other than torsional. The needle screw 
secures the needle to the chuck. Con- 
ventional lateral cut records impart a 
reciprocating motion to the needle 
point, which appears in the chuck as a 
torsional force, being in turn  trans- 
mitted to the element through the 
clamp rubber, and hence a proportional 
voltage is generated. Fig. 2 (b) illus- 
trates a conventional bender type as- 
sembly. 


Mechanical Resonance 


Now that we have the fundamentals 
covered, let us see what complications 
can occur, even in so simple an as- 
sembly. We assume that the pickup is 
to cover the frequency range of from 
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Fig. 2. Conventional crystal cart- 
ridge and, (b), bender type assembly 


40 to 10,000 cycles, that it will be a 
torsional type, and that the needle is 
perfect, in that it will act only as a 
connecting link between the record 
groove and the chuck, without adding 
to or subtracting anything whatsoever 
fiom the groove characteristic. A rec- 
ord groove is not a simple thing; quite 
to the contrary, it is extremely com- 
plex, since the sound to be reproduced 
is made up of many fundamental fre- 
quencies and their harmonics, at any 
one given instant of time. A recipro- 
cating motion is imparted to the needle 
point by the groove, and the forces 
generated are startling indeed when 
one considers the thousands of times 
per second the entire moving system 
must be made to start and stop. While 
the amplitudes are not high, the veloci- 
ies encountered are extreme for a me- 
chanical device. The obvious result is 
mechanical resonance. 

In considering resonance, we may 
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ignore the crystal since it is inherently 
stiff, and it is a simple matter to so 
proportion the element that its free 
air resonance is above the frequency 
range to be reproduced. In addition, 
the mounting blocks through their 
damping ability, further help to over- 
come element resonance. The remain- 
ing parts in the moving system are the 
needle screw and chuck. The needle 
screw should be kept as short as pos- 
sible. More recent practice makes use 
of headless set screws to hold long- 
playing needles; these have negligible 
effect on the pickup characteristics, be- 
cause their length lies along the axis 
of the chuck, where torsional motion 
only is encountered. The chuck, how- 
ever, has appreciable mass, irregular 
shape, some parts of it have torsional 
forces applied, other parts recipro- 
cating, and stiffness is controlled by the 
material used as well as shape. There- 
fore a definite mechanical resonance 
will occur at some frequency, deter- 
mined by the above factors. When 
such an uncontrolled resonance occurs, 
the voltage output of the pickup at- 
tempts to resemble that of a sine wave. 


Groove Characteristics 


Before considering resonance fur- 
ther, let us see what a perfect crystal 
response curve should look like. Lateral 
cut records are so recorded that from 


the lowest frequency cut up to the 
change-over point, which we assume 
to be 250 cycles, the width of. the 
groove is constant, or equal, for all 
frequencies. It is therefore known as a 
constant amplitude groove. From the 
change-over point to the highest fre- 
quency cut, the amplitude decreases as 
the frequency increases and, as the 
velocity is constant, it becomes known 
as a constant velocity groove. 

Since a crystal will generate a volt- 
age proportional to amplitude, our 
hypothetically perfect cartridge would 
be flat from 40 to 250 cycles, and from 
250 to 10,000 cycles it would fall off 
6 db per octave. See curve (a), Fig. 3. 
If, however, due to its mechanical 
characteristics, the chuck should reson- 
ate at 3000 cycles, the response would 
be changed to something approximat- 
ing curve (6b). The exact shape and 
peak amplitudes would depend on the 
chuck material and damping applied, 
if any, to the moving system. 

Such a response would not be desir- 
able, since it would introduce fre- 
quency distortion, transient response, 
and a very considerable amount of 
noise, both mechanical and electrical. 
Harmonic distortion would also occur. 

The frequency at which the chuck 
will resonate can be changed by alter- 
ing the mass and stiffness, and apply- 
ing efficient damping means. Controlled 
damping may also be used to alter the 
shape of the response curve. There- 
fore, by using die-cast metal chucks of 
varying mass, such as zinc, aluminum 
and magnesium, and carefully control- 
ing the damping applied, various re- 
sponse curves may be had, with pre- 
determined cut-offs, as illustrated in 
Fig. 4. 

While such mechanical cut-off means 
are convenient to use, and are inex- 
pensive where the response is to be 
limited, distortion, poor tracking and 
noise will certainly be the result. One 
cannot deviate from curve (a), Fig. 3, 
without paying the penalty in inferior 
reproduction. Any deviation indicates 
that something is being done contrary 
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Fig. 3. Ideal response curve of crystal pickup shown in (a) 
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to the desire of the groove, and discord 
will surely occur. 

A very common thought still encoun- 
tered among engineers is that a cut- 
off at perhaps 5000 cycles will reduce 
or eliminate surface noise or scratch, 
and that it is worth while even though 
everything above that frequency be 
taken from the reproduction. Nothing 
could be further from the truth. To a 
large extent, noise and distortion 
usually associated with high-frequency 
response can be traced directly back to 
the use of a pickup with such a me- 
chanical cut-off. Any part of the mov- 
ing system which resonates at a fre- 
quency or frequencies within the au- 
dible range, even though damped, will 
produce poor tracking, record wear, 
noise and distortion. If, however, curve 
(a) in Fig. 3 is approximated without 
the use of any more damping than is 
necessary to control transients, really 
astounding fidelity and quiet operation 
may be had from commercial records. 

It is assumed, of course, that the 
records played have not been previously 
worn out by mediocre pickups. If, for 
commercial reasons, it is desirable to 
cut off the response at some medium 
frequency, a simple electrical filter may 
be used. As a matter of fact, curve 
(a) lends itself very well to any type 
of electrical compensation, due to its 
straight characteristic. Furthermore, 
since all known damping material of 
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Fig. 4. Relative response characteristics with different metals in head 


a critical mechanical resonance can 
only result in severe response changes 
with changes in temperature. 

The perfect moving system should be 
sufficiently light and stiff to avoid 
resonating below 10,000 cycles, and 
would have applied to it a minimum 
amount of efficient damping material, 
relatively free from temperature 
changes, such as gum rubber, sufficient 
to overcome transients. In considering 
such a system, we must take into ac- 
count the needle, and the damping ef- 
fect obtained from the record through 
the needle. 
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Fig. 5. Frequency-compensating networks for crystal pickups 


the-record” noise is receiving a great 
deal of thought. It has always been 
considered one of the most annoying 
factors in phonograph reproduction, 
Some efforts to reduce such noise are 
being made at the expense of better re. 
production, and can hardly be justified, 
There are three distinct noises com- 
monly heard directly from the record, 
normal undistorted musical reproduc. 
tion, disiorted musical reproduction, 
and a steady hiss. The undistorted 
concerting, and as a matter of fact, is 
volume level. But the distorted repro- 
musical reproduction is the least dis- 
not objectionable, since it blends per- 
fectly with the speaker output, and car- 
not be heard even at very low speaker 
duction characterized by unexpected 
shrieks and blasts, is certainly most ob 
jectionable. This is the direct result 
of mechanical resonance somewhere in 
the moving system. 

Most needles are notorious offenders 
in this respect. Eliminate all resonance 
in the entire moving system and this 
most objectionable noise will be accord 
ingly eliminated. The steady hiss is 
caused by improper tracking, and cat 
be traced directly to the needle in most 
cases. Needles however, are beyond 
the scope of this article, and will be 
taken up separately. 

Reduced area of moving parts e& 
posed to the air will reduce mechanical 
reproduction, since less air is dis 
turbed, but this alone will not overt 
come noise due to resonance and poot 
tracking. Summarizing: mechanical re 
production and noise will be reduced 
(1) by eliminating mechanical res¢ 
nance from all moving parts, (2) by 
proper tracking at all frequencies. (3) 
by avoiding the use of mechanical cut 
offs, (4) by a careful selection of the 
needle used, and, (5) by reduction o 
area of moving parts. By thus reducing 
mechanical disturbances. an ~~wivalett 

[Continued on page 4 
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A Method for the Investigation of Upper 
Air Phenomena and Its Application to 
Radio Meteorography — H. Diamond, 
W. S. Hinman, Jr., and F. W. Dunmore— 
LR.E. Proceedings, Vol. 26, No. 10, Oct. 
1938, page 1235. 

This paper describes the experimental 
work conducted towards the develop- 
ment of a radio meteorograph system 
for use in the aerological service of the 
United States Navy for transmitting 
from unmanned balloons information on 
upper-air pressures, temperatures and 
humidities. The work done has lead to 
radio methods applicable to the study 
of a large class of upper-air phenomena. 

The miniature transmitter sent aloft 
on a small balloon employs an ultra-high- 
frequency oscillator and a modulating 
oscillator; the frequency of the latter is 
controlled by resistors connected in its 
grid circuit. These may be ordinary re- 
sistors mechanically varied by _instru- 
ments responding to the phenomena being 
investigated or special devices, the elec- 
trical characteristics of which vary with 
the phenomena. The modulation frequency 
is thus a measure of the phenomena 
studied. Several phenomena may be meas- 
ured successively, the corresponding resis- 
tors being switched into circuit in sequence 
by an air-pressure-driven switching unit. 
The air-pressure switching unit may also 
serve for indicating altitude. 

At the ground receiving station a 
graphic frequency recorder connected in 
the receiving set output provides an auto- 
matic chart of the variations of the phe- 
nomena with altitude. The availability 
of a modulated carrier wave during the 
complete ascent permits tracking the bal- 
loon for determining its azimuth and its 
distance from the receiving station. Such 
data are required in measuring the di- 
rection and velocity of winds in the upper 
air. This paper illustrates the circuit of 
the transmitter in considerable detail. 
Several pictures of the equipment set up 
and of the recorded charts are also in- 
cluded. This is probably one of the most 
complete papers on this subject which 
has been published. 


Instrument and Radio Flying, K. S. Day 
—Text—Air Associates, 1938, page 177. 


The Weather Bureau’s Radio Meteoro- 
graph’ Program—L. T. Samuels—Jour. 
of Aeronautical Sciences, Vol. 5, No. 19, 
Aug. 1938, page 410. 


This paper is a report of the progress 
that has been made on the development 
of radio meteorographs, and the status 
of each of the five different develop- 
ments. It also discusses the status of an 
investigation of the structure of Polar 
Continental Air and the development of 
cold waves in North America. Indication 
is given of the percentage of observation 
balloon readings from a number of 
weather observation stations. 


Radio Direction Finding on Wavelengths 
Between 6 and 10 Meters, R. L. Smith- 
Rose—I.E.E. Jour., Vol. 83, No. 499, July 
1938, page 87. 

This paper describes the development 
of simple experimental direction finder 
for wavelengths between 6 and 10 meters 
and its use in an investigation of the 
accuracy in direction finding on these 
wavelengths. 

Detailed experiments have shown that 
the site on which the direction finder is 
used must be clear of obstacles, partic- 
ularly trees and vertical wires, for a 
radius of at least 50 to 100 yards, and 
there are indications that similar condi- 
tions are necessary for the site of the 
transmitter. When such conditions are 
satisfied, the bearings observed at dis- 
tances up to 22 miles from the trans- 
mitter may be in error by as much as 
8 degrees, although in the majority of 
cases the error was less than 2 degrees. 
Such errors tend to diminish in magni- 
tude as the range increases, and they 
may or may not be affected by small 
changes in position of the direction 
finder, by changes in frequency of the 
transmitter, or in the orientation of the 
transmitting aerial. 

For a given set of conditions, the 
changes in bearings observed from day 
to day do not exceed about 2 degrees 
for ranges of 20 miles, although in some 
long-distance observations made on sig- 
nals from American stations at a range 
of 3000 miles, the variations in bearings 
were much larger. 

A brief study has been made of the 
behavior of the loop direction finder 
when horizontally polarized waves are 
emitted at the transmitting station. It is 
shown that the errors experienced in this 
case can be almost entirely eliminated 
by the use of a rotating spaced vertical 
aerial arrangement in place of the loop. 
The evidence resulting from the use of 
this Adcock type of direction finder indi- 
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cates that the errors with the loop set 
are due to the reception of horizontally 
polarized waves. 


The Radiotelemeter and its Importance 
to Aviation, R. W. Knight, Planning & 
Development Div.—Civil Aeronautics Au- 
thority Report #1, Sept. 1938. 


The Measurement of the Lateral Devia- 
tion of Radio Waves by Means of a 
Spaced-Loop Direction Finder — R. H. 
Barfield—/.E.E. Jour., Vol. 83, No. 499, 
July 1938, page 98. : 

This paper gives an account of some 
systematic measurements of the lateral 
deviations of wireless waves received at 
Slough, England from various short- 
wave transmitters over a period of sev- 
eral months. The measurements were 
made by means of a spaced-aerial direc- 
tion finder of the four fixed-loop type, 
and apparatus, together with an account 
of its performance in respect of instru- 
mental accuracy, pick-up factor, and 
other characteristics. 

The second part of the paper describes 
the measurements themselves, which 
were made photographically from a ca- 
thode ray  oscillographic goniometer. 
Some of the observations were made on 
pulse transmissions from Nauen at 30 
meters and Dorchester at 37.3 meters, 
and the remainder on continuous-wave 
transmissions from Zeesen at 31.4 meters, 
Prague at 44.6 meters and various Amer- 
ican stations. 

The results obtained show that the 
variations in bearings which arise from 
instrumental causes do not exceed about 
2 degrees, and are usually of the order 
of 1 degree. The records demonstrate 
that lateral deviation occurs for the 
above cases to an extent which depends 
on the range and type of the reflected 
waves observed. Deviations of 10 de- 
grees and 20 degrees were recorded from 
the more distant stations, while in the 
case of Dorchester, distant 160 kilo- 
meters, the deviations were as much as 
50 degrees on occasions. From a study 
of these observations it is concluded that 
the effective points of reflection at the 
ionosphere may be as much as 50-100 
km. out of the great-circle path. 


Radiometric Measurements of Ultra- 
violet Solar Intensities in the Strato- 


[Continued on page 64] 
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TELEVISION FORECAST 


With 63 applications for television 
broadcasting stations on file with the led- 
eral Communications Commission, ap- 
proximately 50 million people throughout 
the country may have sight-and-sound 
broadcasting six months to two years 
sooner than even the most optimistic pre 
vious estimates, according to Thomas F. 
Joyce, Radio Corporation of America 
executive 

This forecast, he told the National 
Association of Broadcasters war confer 
ence, is based on the supposition that the 
FCC would grant all these licenses and 
that television equipment can be manu- 
factured and installed rapidly enough. 

In 18 months to two years after the 
end of the war, rather than in three to 
four years as originally estimated by 
RCA, television service may cover 46 pet 
cent of the potential video market as a 
result of television license applications 
now actually on file, which increased from 
seven to 63 in the past ten months, Mr. 
Joyce, general manager of the radio, 
phonograph, and television department of 
the RCA Victor Division, told the broad 
casters. 

Turning to the question of whether 
present-day television standards are satis 
factory, Mr. Joyce declared that the peo 
ple who now own television home receiv 
ers should be considered as best qualified 
to answer that question, He then revealed 
the results of recent attempts to re- 
purchase at a liberal price television sets 
now in the hands of the public 

Out of 36 owners approached, the RCA 
executive declared, only one agreed to sell 
his set. The television set owners unani 
mously praised television reception, he 
disclosed, with many refusing to con- 
sider any offer while others set re-pur 
chase prices ranging up to $1500 for 
receivers which were purchased five years 
avo for $395 

“If the present owners of television 
receivers, in these times of limited broad 
casting conditions and meager program 
fare place such a high valuation on their 
pre-war instruments,” Mr. Joyce declared, 
“how much more eager will they be, and 
how much more eager will be the great 
public they represent, under the vastly 
more favorable conditions that will soon 
prevail,” 

The public definitely expects and wants 
television, he said, in quoting results of 
several recent surveys. He pointed out 
that in the survey conducted by News- 
week Magazine, over 32 per cent declared 
they would be in the market for a tele- 
vision home receiver, ranking second only 
to automobiles 

Television was first among members of 
the post-war savings plan inaugurated by 
the Franklin Square National Bank of 
Franklin Square, Long Island, the RCA 
executive disclosed. Of the post-war 
products for which depositors have ear- 
marked their accounts, he told the broad- 
casters, television receivers headed the list, 
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— 
with cars second and electric washers  ufacturers may bring along such litera. 
third. ture or records as they might carry jn 


In another survey made by McCall's — their pockets or at most in a brief case 
~ ° «a 
Magazine, in the form of a contest, he when making a call on a customer but 
went on, the editors said the results nothing beyond that. 


showed that over two-thirds of all con- Correspondence regarding registration 
testants were television home instrument and other details should be addressed to 
prospects, the Ilectronic Parts and Equipment Ip. 


“In the light of these statistics,’ Mr. dustry Conference, P. O. Box 5070-4 
Joyce said, “it would be presumptious of — Chicago 80, Ill. Registrations should be 
me to argue that the public wants tele- made immediately. 
vision -the figures speak for themselves.” 


ELECTRONIC PARTS LRE, PROGRAM 

CONFERENCE Listed below is the schedule of the 1944 
Registrations are still piling up for the Pall meeting of the Institute of Radio 

Klectronic Varts & Kquipment Industry engineers, to be held at the Sheraton 

Conference to be held at Hotel Stevens, [lotel, Rochester, November 13 and 14, 

Chicago, ¢ ctober 19-20-21, 1944 The 1944, 

total already indicates more than a thou 


sand registrants, and more keep coming Monday, November 13 
in, according to Conference officials. 8:30 A.M.—Registration., 

In keeping with the limitations of war- 9:30 A.M.—Technical Session, 
time, this will be a streamlined Confer- The Reactance Theorem for a Resonator 
ence, While there will be booths for W. RK. Maclean, Polytechnic Institute 
manufacturers, these are only conference — of Brooklyn. 
booths, where manufacturers can con A Resonant Cavity Method for Measur- 
veniently meet with jobbers and others, ing Dielectric Properties at Ultra-High 
for visits and discussions, but no mer- requencies—C. N, Works, T. W. Dakin, 
chandise, displays, decorations or other EF, G. Boggs, Westinghouse Electric & 
trimmings are permitted, This is not an) Mfg. Company. 
exposition or show, but simply a_ con- The RCA Laboratories at Princeton— 
ference. Booths are all of uniform size. FE, W. Engstrom, Radio Corporation of 
They are already equipped with tables and = America 
chairs. The registrants do not have to 12:30 P. M.—-Group Luncheon. 
concern themselves about furnishings, 2:00 P.M.—Technical Session. 
decorations or displays of any kind. Man [Continued on page 32\ 





Measuring projectile speed by calculating the time interval for 
the projectile to pass through the fields of two antennas spaced 
a known distance apart and operating at a known frequency 

—Courtesy of RCA Mfaq. Co 


SEPTEMBER, 1944 * 





El 
medit 
charg 
free 
Free 
rated 
charg 
positi 
charg 
medi 
uring 
prese 
these 
ized 
neigh 
ent ¢ 
boun 

As 
Fielc 
of | 
field 
may 
vec 
char 
with 
is th 
ratic 

D 
Fiel 
depe 
neti 

Ir 
tern 


lite ra- 
Ty in 

Case, 
r, but 


ration 
ed to 
it In. 
70-4, 
Id be 


1944 
Xadio 
raton 
d 14 


nator 
‘itute 


Asur- 
High 
akin, 
ic & 


Ol 
1 of 


52| 








The Terminology of 
ELECTROMAGNETIC THEORY | 


Because recent developments in the field of microwave radiation and generation have greatly 
widened the engineer’s interest in electromagnetic theory, the following alphabetical list of terms, 
ideas, and theorems is presented. It is not so much intended that the discussions be rigorous 
definitions as that they shall give interesting ideas and serve as an introduction to the concepts. 


PART 3 


MUNA A 


Electric Displacement-D— [1 any 
medium, two sorts ot positive and negative 
charge may be distinguished. One is called 
free charge and the other dipole charge. 
Free charge has a given sign and is sepa- 
rated from other charges while dipole 
charge is a combination of closely paired 
positive and negative charges. Dipole 
charges, wnen oriented at random in a 
medium, are without effect on any meas- 
uring instrument; when free charge is 
present in the same neighborhood, however, 
these paired charges are aligned or polar- 
ized and a test charge introduced into the 
neighborhood tcels forces that are depend- 
ent on the location of both the free and 
bound charges. 

As described under the heading Electric 
Field-E all cliarges contribute to the value 
of E. The electric displacement is the 
field resuiiing from free charge alone. \t 
may be computed at any point by summing 
vectors which are directed toward negative 
charge or away from positive charge, each 
with a magnitude given by Q/r’, where Q 
is the charge in question and r is the sepa- 
ration, 

D is somewhat analogous to Magnetic 
Field-H in that it too is a field quantity 
dependent on the cause of an electromag- 
netic state. 

In the MKS system D is expressed in 
terms of coulombs per square meter. In 
the electrostatic system of units it would 
be the e.s.u. of charge per square cm. 


Electric Field-E— A complete 
knowledge of any field requires informa- 
tion concerning both the direction and mag- 
nitude of a vector quantity at every point 
in the neighborhood of space in which 
there is interest. The electric field is this 
sort of quantity. Like other fields, such 
as that of gravitation or a vector field de- 
scribing the flow of a liquid, it may be 
analytically expressible as a relation which 
specifies a vector for each point of space 
or it may be represented graphically by a 
lamily of directed curves, which are often 
called electric lines of force. 





These curves, or interpolated ones drawn 
between the given curves, pass through 
every point of space and by their direction 
at any point in question, show the direc- 
tion of the clectric field at that point. The 
magnitude of the field is often indicated 
by the density with which the lines are 
drawn in the region of the point in ques- 
tion. 

The electric field at any point in space 
may be found by (1) introducing a small 
positive charge, Q, at that point; (2) ob- 
serving the electrical force, F, exerted on 
it; and (3) performing a calculation ac- 
cording to E = F/Q. It is assumed in 
such a measurement that Q is small enough 
to only negligibly effect other charge in 
the neighborhood by its presence. 

E is somewhat analogous to Magnetic 
Induction-B. It is a measure of electric 
field in terms of its ability to influence a 
test instrument. In the electrostatic system 
of units EZ is expressed in terms of dynes 
per e.s.u. of charge, which is equivalent 
to es.u. volts per cm. In the MKS sy- 
tem the units are volts per meter. 


Electrically Long Lines— The 
treatment and action of long electrical lines 
is very different from that of short or 
constant voltage lines. In the first place, 
if we consider only a pair of ordinary con- 
ductors and make no reference to any cir- 
cuit parameter except resistance, the re- 
sistance alone may nevertheless be so great 
that a very high voltage is required at the 
sending end in order to obtain a readable 
signal at the receiving end. The power 
which flows from the source is mostly 
dissipated in the line and, as far as the 
drain on the source is concerned, the na- 
ture of the load may be quite immaterial. 

The problem of design is then no longer 
one of directly arranging for the maximum 
power transmission from source to load 
but instead is the twofold job of first 
matching the source to the line and second 
the matching of the line to the load. In 
such a case to increase the response of 
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the load to the source we may separately 
consider methods of increasing energy flow 
into the line and ways of extracting it at 
the far end. 

With microwave transmission in wave 
guides the problem of electrically long 
lines is not usually concerned with resist- 
ance. The dissipative losses are generally 
quite negligible even with moderately long 
wave guides, ‘The reactance components, 
however, have much the same sort of prob- 
lems connected with them as do long lines 
at low frequency, such as are encoun- 
tered in telephone transmission. 

If an electrically long line is defined as 
one in which the physical length is large 
compared to a wave length, then all micro- 
wave transmission is in long lines. The 
merit of such a line is usually best meas- 
ured in terms of standing wave ratio. It 
is important to know that such a measure- 
ment is valid only for the portion of the 
line farther away from the source than the 
point where the measurement is made. 
With electrically long lines, changes in the 
source may of course affect the amplitude 
of the signal at the far end but cannot 
make any change in the impedance-match- 
ing situation as it exists at points farther 
along the line than at the point where the 
change is made. 


Electromagentic Units-e.m.u.— 
The electromagnetic system of units 4s 
based upon the study of magnetism quite 
apart from electric charge except as elec- 
tric currents give rise to magnetic fields. 


To start with, the unit magnetic pole, 
which is an imaginary entity useful in set- 
ting up the system, is defined in analogy 
to a statcoulomb as a magnetic pole of 
sufficient strength to exert a force of just 
one dyne on a similar pole one cm away. 
Since permeability, #o, is defined as unity 
in a vacuum, either B or H can be meas- 
ured in terms of the force in dynes exerted 
on such a pole. Furthermore, an e.m.u. 
ampere is defined as the current in a circu- 
lar loop of wire of one cm radius which 
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will cause a force of 27 dynes to act 
on a unit pole placed at the center of the 
loop. 


Fermat’s Principle— In the study 
of geometrical optics, Fermat’s principle 
allows a nice and very general statement 
of the path that a ray of electromagnetic 
radiation will follow even though it passes 
through varying media and is subject to 
refraction. Similarly, the principle may be 
applied to rays of microwave radio beams 
and, although as in the optical case its 
value is of a theoretical nature, still it does 
possess interest because of its generality. 

The principle states that the path of a 
ray between two points will be such that 
the time required to traverse the path is a 
minimum (or in some cases a maximum). 

In a homogeneous medium where the 
velocity of propagation is everywhere the 
same, it is as once apparent that Fermat’s 
principle is obeyed by the passage of radi- 
ation along a straight line connecting the 
source and the receiver. The proposition 
of geometry that a straight line is the 
shortest distance between two points ‘is 
proof of the statement. 

If, however, the source is located in one 
medium which supports a high velocity of 
propagation, and the receiver is in another 
medium in which the propagation is slower, 
it is not so easy to see that Fermat’s prin- 
ciple can predict the actual path. A 
straight line between source and receiver is 
still the shortest distance but less time may 
be consumed by following a somewhat 
longer path. The extra distance may be 
more than made up by allowing more of 
the travel to occur in the source medium 
where a high velocity is possible. 

For the case in which there are only 
two media, each having definite velocities 
of propagation, it can be shown that Snell’s 
law of refraction may be derived from 
Fermat’s principle. When one medium 
shades into another or the velocity of 
propagation varies throughout a volume in 
an irregular way and Snell’s law cannot 
be applied, Fermat's principle is still valid 
as a description of the path that any given 
ray will follow. 


Foster’s Reactance Theorem— 
If a four-terminal network is imagined to 
serve as.a transmission line by virtue of a 
source connected at two of the terminals 
and a load connected at the other two, the 
network may take on any one of an infinite 
number of forms even if its elements are 
all pure reactances. For example, it may 
be made up of like or unlike sections con- 
taining combinations of inductance and 
capacitance in series and in parallel, or it 
may even be a wave guide assembly 
equipped with input and output coupling 
loops or probes. Together with the load, 
such a system will have a certain source 
impedance which is a function of 
quency. 

Foster’s reactance theorem indicates that 
there are limitations on the sort of source 
impedance characteristics which are physi- 
cally realizable. It does so by showing 
that complicated networks may always be 
replaced by relatively simple ones which 
have the same impedance characteristics. 
Specifically the theorem says, if two re- 
actance networks have the same resonant 
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Network with infinite input impedance 
(above) and zero input impedance (below) 


and anti-resonant frequencies they can be 
made to have identical reactances at all fre- 
quencies by a proper choice of a multipli- 
cation factor. 

A resonant frequency is one in which 
the input impedance. to the network is zero; 
an anti-resonant frequency is one at which 
the network has infinite impedance. 

It may be demonstrated that any type of 
reactance curve may be secured from one 
of the two general configuraticns shown. 
This is the basic proposition which some- 
times allows us to use transmission line 
theory for the solution of wave guide 
problems. Unfortunately this sort of ar- 
gument does not comprehend problems con- 
cerned with the various modes of trans- 
mission possible in wave guide, nor does 
the simple theorem as we have stated it 
here take account of attenuation due to 
resistance. 


Fresnel’s Equations — When a 
beam of microwave radiation passes 
through a plane interface between two 
media, it is in general both reflected and 
refracted. If the incident beam approaches 
the interface at an angle @ to the normal 
the reflected beam also travels back at an 
equal angle in the same way that light is 
specularly reflected from a mirror. The 
transmitted beam is bent and proceeds into 
the second medium at a new angle @’. 

The relation between these angles @ and 
6’ which tell the respective direction of the 
beams with respect to a line perpendicular 
to the interface at the point where the 
beam passes through, is given by Snell’s 
law. The ratio of the amplitude of the 
reflected beam to that of the incident beam 
is given by Fresnel’s equations. 

Actually, in the form which the equa- 
tions are stated, it is necessary that the 
permeability of the two media be the same. 
This is almost always true and when it is 
not, it is quite feasible to write the equa- 
tions in a different form to take account 
of the variation. 

At oblique angles of incidence two cases 
must be distinguished, one when the elec- 
tric vector of the wave is tangent to the 
surface of the interface and the other 
when the magnetic vector is tangent to that 
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surface. Since the electric and magner 
vectors are always perpendicular to each 
other, no generality is lost in Writing rela. 
tions for these two cases alone. If ay 
intermediate degree of polarization js pres. 
ent in an actual beam, that beam ma 
always be resolved into two beams which 
fit into these specifications. 

Fresnel’s equations for tangent E and 
tangent H beams are respectively B/4 ~ 
sin (6 — 6’)/sin (@ + 6’), and B/4~ 
tan (@ — 6’)/tan (6 + 6’). B is the 
amplitude of the reflected beam and 4 jg 
the amplitude of the incident beam. Thys 
B/A gives the fraction of the beam re. 
flected. The fraction of the beam trans. 
mitted is 1-B/A. 

It is interesting to notice that in the 
case of a tangent magnetic field the reflec. 
tion may be zero. Specifically, if 6 + 9’= 
90°, tan (6 + 6’) will be infinite and no 
reflection will take place. 


” 

Fresnel Zones—In analogy to the 
optical case, we may under certain condi- 
tions use Huygen’s principle to find the 
radiation intensity at some point in an 
unknown radiation pattern. The general 
method is to choose an aperture nearer the 
antenna where the beam intensity is known 
and then find, by the use of Huygen’s prin- 
ciple, the contribution of each point in that 
aperture to the radiation intensity at the 
point under discussion. A vector sum of 
these components then yields the desired 
intensity. 

This was the method first used to find 
the free space pattern of radiation out of 
the open end of an unterminated wave 
guide. It is in error there, as it may be 
in some other cases, because it does not 
include the portion of the pattern arising 
from currents induced into the outside sur- 
faces of the wave guide. It obtains a good 
approximation of the pattern in the for- 
ward direction, however, and is often 
useful. 

The aperture chosen may be, for exam- 
ple, the focal plane of a parabolic antenna 
or in certain cases it may be the’ region 
surrounding an obstruction to the beam. 
In the latter case, the calculations may 
well be aimed toward an examination of 
the shadow cast by the obstruction. 

The main difficulty in such calculations 
lies in performing the integration neces 
sary to sum the components arising from 
the various points in the aperture. The 
use of Fresnel zones allows a rather sin- 
ple approximation of this integration to 
be made in many cases. The aperture 
space is imagined to be divided up into 
zones in such a way that the optical dis- 
tance from the center of one zone to the 
point where a field value is desired is just 
one-half wavelength different than the dis 
tance from an adjoining zone. In_ other 
words, a Fresnel zone is an area in the 
aperture of a radiating system which is $0 
chosen that radiation from all parts of # 
reach some point at which the radiation s 
desired at a common phase within 180°. 

When such zones are set up it is often 
feasible to assume an average value of the 
phase and intensity of radiation from each 
whole or fractional zone and replace the 
integration mentioned above by a_ simple 


[Continued on page 48} 
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ECHOPHONE RADIO CO.. 540 NORTH MICHIGAN AVE., CHICAGO 11, ILLINOIS 


* 


HOGARTH’S NOT WORRIED 


ABOUT POST WAR PLANS. HIS 


tafe] tite), | tony 


TAKES CARE 


ECHOPHONE MODEL EC-1 


(Illustrated) a compact communications receiver 
with every necessary feature for good reception. 
Covers from 550 ke. to 30 me. on 3 bands. 
Electrical bandspread on all bands. Six tubes. 
Self-contained speaker. 115-125 volts AC or DC. 
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PICKUPS 


[Continued from page 40} 


reduction in objectionable noise from 
the speaker will be noted. 


High Compliance Pickups 


Low pressure or “high compliance” 
pickups are also a subject of consid- 
erable thought for new phonographs. 
The natural and desirable results of 
using such a pickup will be longer 
record life, less noise, and if properly 
designed, better reproduction. Needle 
life will also be increased. The present 


conception of low pressure is anything 
less than one ounce, with about 21 
grams being the average. When ap- 
plied to a changer, such designs may 
introduce a problem in tripping, but 
recent advances in changer design in- 
dicate that this difficulty will be over- 
come. 

Low vertical pressure alone is of no 
value unless the pickup tracks properly 
at all frequencies, and insofar as the 
cartridge is concerned, particular care 
must be taken to insure tracking at all 
frequencies above 1000 cycles. Track- 
ing below 1000 cycles is usually a 
function of the tone arm design and 


















Ingenious New 


Presented in the hope that they will 
prove interesting and useful to you. 








Technical Methods 








Amazing New Four Spindle Turret 
Attachment for Drill Press! 


Now one drill press can do the work of four and, at 
the same time, effect a savings of up to 75% in floor 
space, with the “Quadrill” attachment. This rotary 

evice will accommodate four boring or cutting tools 
at the same time, yet one tool only is in motion when 
the head is in operating position. 


The entire unit is assembled to the quill of the drill 
press and is driven from the Some prone, spindle. Accu- 
racy and rigidity of alignment of the “Guadrill” are 
assured by the special construction of the driver and 
spindles, thus efhiciency is only limited by the accuracy 
and power of the drill press itself. 


proofing in indexing is accomplished by visual 
markings and by the relationship of the index pointers 
on the index disc, as well as the extension of the sprin 
retainer. Four hardened and ground spindles are fitte 
for No. 32 Jacobs chucks or their equivalent. To pro- 
vide correct positioning at all times, the entire spindle 
assembly is located by means of an accurate fitting of 
recess and undercut, between turret and bearing hous- 
ings. The hardened friction starter and driver have been 
so constructed that at any speed proper synchronization 
of the driver teeth is robe et | without clashing. 


lt goes without saying that our fighting men must 
have the finest possible quality materials home industry 
can produce. Bo. although the stock of quality raw 
materials from which Wrigley’s Spearmint chewin 
gum is made is growing steadily smaller, they are still 
maintaining pre-war standards. However, they can now 
make only a portion of their former output, so all of 
this limited production is going to our fighting men 
and women overseas only ... where it is an “on-duty” 
need. 


You can get complete information from Chicago Drillet 
Corporation, 919 N. Michigan Ave., Chicago 11, 11. 

















Quick and positive indexing assured 
by pointers on index disc 

















Quadrill assembly complete ready 
for attachment to drill press 
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has been covered in a previous articles 
It must also be kept in mind that 00d 
tracking includes vertical compliang 
as well as lateral, wherein the needle 
plays a very important part. Withoy 
going further into the subject of 
needles, one must use every caution jp 
selecting a needle design for a given 
cartridge, since it is not possible to 
track at pressures of less than one 
ounce without having the two comple. 
ment each other in performance. [f 
the cartridge is so designed that the 
needle may be changed, precautions 
should be taken so that no other needle 
may be used except the one intended, 


Low tracking pressures are depend- 
ent on low mass of the moving parts, 
great inherent stiffness, lack of me. 
chanical resonance, a minimum of 
damping, and conparatively low voltage 
output. The presence of mechanical 
resonance in the moving system will 
result in disturbances at the resonant 
frequency which will not permit the 
needle point to move smoothly along 
the groove, which in itself is poor 
tracking, and if adequate damping is 
added to overcome resonance, the 
entire moving system is _ stiffened 


against motion, which requires greater 


vertical pressure to overcome. Thus 
low_pressure tracking is very definitely 
tied in with a pickup design having 
characteristics similar to that of curve 
(a), Fig. 3, and not the characteristics 
of Fig. 4. 


Voltage Output 


If relatively high voltage outputs are 
required, a little study of Fig. 2 (a) 
will show why both high compliance 
and high voltage cannot be had simul- 
taneously. Voltage output is propor- 
tional to the amount of mechanical 
strain set up in the free end of the 
element. Thus it is common practice 
to increase the width of the clamp 
rubber in order to obtain higher volt- 
age. In effect, greater work must be 
done, and such greater effort can only 
reflect itself back to the moving parts 
as increased stiffness, which must be 
overcome in the same manner as damp- 
ing, with added vertical pressure. For 
conventional cartridge designs, track- 
ing at approximately 21 grams, about 
4 volts RMS at 1000 cycles, may be 
obtained. 

In conclusion, it should be pointed 
out that a properly designed crystal 
cartridge lends itself very well to fre- 
quency response adjustment, and Fig. 5 
illustrates a number of simple net- 
works which may be used to advantage. 
These may also be combined for mul- 
tiple effects. The values given are ap 
proximate, since they depend on the 
impedance of the crystal element. 





*Tone Arm Design, Rapio, June, 1944 
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S° you would like a sensitive relay for that 
remote control circuit! 


Sensitivity is important for many relay applica- 
dons. And if that is a// you want, there’s no prob- 
lem. It’s easy to build a relay that will “operate” 
gna small amount of power. 


But sensitivity without contact reliability is use- 
less. So what you really want is a relay that is 
not only sensitive, but also has the contact pres- 
sure needed for reliability under actual service 


conditions. 


Sensitivity and contact reliability are opposing 
factors. To get a high measure of both qualities 
in one relay calls for an exacting balance be- 
tween electrical, mechanical and magnetic design 
factors. We’ve been building such relays for years 
—to meet hundreds of requirements, from com- 
plex telephone switching circuits to simple con- 
trol functions on aircraft and radios. 


Next time you need a sensitive relay, let the 
Automatic Electric field engineer show you how 
to get sensitivity plus contact reliability. No 
matter what the nature of your problem, there is 
an Automatic Electric relay that will give you both. 


(ZT 


AND OTHER CO ONTROL DEVICES 


AUTOMATIC 
ELECTRIC 
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AUTOMATIC ELECTRIC SALES CORPORATION 








The Automatic Electric Class B Relay shown here combines high sensi- 
tivity and contact reliability. It has a highly efficient magnetic circuit, 
long wearing mechanical structure, independent twin contacts, and 
capacity for any number of springs up to 26. Contact pressures average 
20 grams per contact. Compare this with “sensitive” relays having con- 
tact pressures of less than five grams. 





For high sensitivity and contact reliability in small space, your best bet 
is the Class § Relay shown here. Especially designed to meet the severe 
conditions of operation on fast modern aircraft, it is also recommended 
where space is at a premium. Because of the great demand for Class $ 
Relays for vital war products, we urge that you avoid its use except 
where no other relay will serve. 


1033 West Van Buren Street ¢ Chicago 7, Ill. 


In Canada: Autematic Electric 
(Canada) Limited, Toronte 
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sum. Moreover, because of the obliquity 
factor of Huygen’s principle, it o‘ten hap- 
pens that the average intensity of succes- 
sive zones decreases slowly. Often each 
zone except the first may be considered as 
canceled by half of the preceding plus half 
of the following zone. In that case the 
radiation from the whole aperture may be 
calculated in terms of only half of the 
first zone. 


Gauss— Tlic 


gauss is a common 
unit for the measurement of magnetic 
fields. In the gaussian system of units it 


is now well accepted as the name of the 
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unit for B. The unit of H is the oersted. 
In the older literature this distinction is 
not always made. Especially among physi- 
cists,, the gauss was once used indiscrimi- 
nately for both B and /1, This led to some 
confusion. 

Actually, in the most recent books pub- 
lished in the field, most authors have 
adopted the MKS system of units which 
does not make use of the gauss at all. 
However, because so much experimental 
data is available in terms of gauss it 1s 
generally desirable to reduce results to 
that unit even when the MKS system is 
used throughout the calculations. Since 
the numerical factor between webers per 
square meter is used in the MKS system 
and gauss is an even 10‘, this is not hard 


to do 


 £& BS OFFICES 
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RECEIVING TUBES 
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A definition of a gauss may be satis. 
factorily made in any one of several ways 
It may be defined as that amount of flyy 
o! B which will appar at the center of an 
evacuated long solenoid which is wound 
with n turns per cm and which is carrying 
a current of 4 7/10n amperes. It may 
equally well be defined in terms of the 
force on a wire carrying current through 
a magnetic field, or it may be defined by 
the potential generated in a loop which jg 
rotated in the field. Since actual measure. 
ments of magnetic fields are ordinarily 
made with search coils or, in the case of 
steady fields with flip coils, a definition 
based on induction is the most fruitful, 


The magnetic induction at a point is one 

gauss when the maximum voltage that can 
be induced in a conductor moving through 
he point with a velocity of one cm per 
‘cond is one emu volt. The maximum 
tage will be obtained when the magnetic 
‘ux is perpendicular to the plane in which 
Ne wire moves. 


Gaussian Units — [xcept for the 
‘yiorgi, or MKS, system of units which has 
uirly recently become very poputar, the 
o-called Gaussian system of units is most 
«lin calculations related to Maxwell's 
uations. If the centimeter, gram, and 
‘ond are taken as basic quantities on 
hich to build a unit system, the gaussian 
its are logical ones to use. If electric 
vl magnetic phenomena were entirely dis- 
sociated from each other, two systems of 
nits might suffice and would logically be 
weeded. The e.m.u. (electromagnetic unit) 
system would be used for magnetic meas- 
msyents avd ‘he esu. (electrostatic unit) 
system would serve for electrostatic work. 
Actually, we find a need to define e.m.u. 
‘urrents as well as e.s.u. currents and we 
‘now by actual measurement that the ratio 
of these unit sizes is c, where c is a num- 
‘Yer equal to the velocity of light in free 
space. It turns out that this factor of 
c or ¢ is invariably the ratio of the unit 
‘izes in the two systems. 

The Gaussian system of units ts a com- 
hination of ema. and e.s.u. which uses 
each in places where they are most logical 
“ud overcomes the discrepancy of unit size 
between the two systems by mserting ¢ 
into the equations in a proper manner. 

An example of the way e.m.u. and e.s.u, 
are mixed in writing equations in Gaussian 
units is afforded by the expression for the 
force on a charge. If the equation is 

Vively oorittan we would have / = qE 
+ q(v < B) where the first term which 
represents an electrostatic force is written 
in terms of the e.s.u. system and the latter 

*m ior the magnetic force is in e.m.uU. 
t is obviously bad to have charge written 
‘1 two sets of units in the same equation. 
The Gaussian system gets around this by 
writing the equation as / = qE + (q/c) 
(v < B) whereupon q is in e.s.u. through- 
out the equation, even though B remains 
in @.m.u. 


Gauss’ Theorem—lIn dealing with 
vector fields such as those of E and H, 
there are several simple relations that are 
often helpful in = making calculations. 
Gauss’ theorem is one of them. It deals 

{Continued on page 50] 
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If “skill to do comes of doing,” this thirty-eight year 
old commentary explains the record of Connecticut 
Telephone and Electric in manufacturing telephones, 
switchboards, and electrical supplies for the military 


needs of this war. 


We look forward to the next thirty-eight years, 
confident that this is the dawn of the most important 
era yet, in the development of communications, and 


every other branch of electrical science. 


If our seasoned, but progressive, experience can 
be of help to you in connection with your communi- 
cations requirements or the development and manv- 
facture of electrical or electronic devices, we shall be 


glad indeed to talk with you. 


CONNECTICUT TELEPHONE 
& ELECTRIC DIVISION 


GREAT AMERICAN INDUSTRIES, INC, 
MERIDEN, CONNECTICUT 


TELEPHONIC SYSTEMS @ SIGNALLING EQUIPMENT @ ELECTRONIC 
DEVICES @ ELECTRICAL EQUIPMENT @ HOSPITAL AND SCHOOL COMe- 
MUNICATIONS AND SIGNALLING SYSTEMS @ IGNITION SYSTEMS 
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“The high quality of their 
product, which comprises 
telephones, switchboards 


, and electrical supplies, has 


placed them in the posi- 


tion of the largest manufac- 
turer of their goods in this 


section of the country.”’ 


s 


~..from 


A CENTURY OF MERIDEN 


published in 1906 
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with the so-called vector flow out of a 
volume and shows an equivalence between 
the net flow outward through the surface 
and the integrated effect of the divergence 
of the vector field throughout the volume. 

For example, a vector field may be ex- 
pressed by equations into which the coordi- 
nates of any point in space can be substi- 
tuted and the magnitude and direction of a 
vector associated with that point in space 
found as a result of the substitution. In 
this way a vector may be associated with 
every point in the space and the resulting 
array called a vector field. 

If enough such vectors are plotted into 
a given space and especially if their mag- 
nitude is shown by the density of the plot, 
we approach a situation like that in which 
electric or magnetic fields are portrayed 
by lines of force. Since these lines of 
force have a direction, they appear to be 
like lines of flow, as indeed they actually 
would be in the hydrodynamic case in 
which the vector field is one specifying the 
velocity of motion of various small meas- 
ures in a liquid. Whether or not the prob- 
lem is one of actual flow, however, the 
concept is useful. 

For example, in the electrical case, if we 
know the number of lines of E which pass 
through a surface of area A, we need 
only to divide the number by A to get the 
average value of E. 


iw 


qHAt 


To insure constant frequency and high activity, Crystals 
must be cut at the correct angles to the crystallographic 
axes. That’s why C.T.C. Crystals are X-RAY ORIENTED. 
This process predetermines the axes of the Crystals, making 
it possible to cut each slice with extreme accuracy. 

Next time you need Crystals send your specifications to 
us. You'll find C.T.C.’s “correctly cut” Crystals will meet 
your most exacting standards of quality and performance. 


For delivery estimates, quotations, etc., get in touch with 


Gauss’ theorem states that 


GSS iv A dv = ff An dA 


volume surface 

or in words, that the volume integral of 
the divergence of a vector ts equal to the 
surface integral of the normal component 
of the vector. An is considered positive 
when it points outward from the volume. 
If we understand the meaning of div A 
(i.e., that it gives the excess of the efflux 
over the influx for any very small volume, 
dv) it is easy to see that the left member 
of the equation gives the total flux gener- 
ated in the large volume. 

Gauss’ formula simply says that the net 
amount of this generated flux added up 
over the whole volume must leave the vol- 
ume and show up as an outwardly directed 
flux through the surface. If a certain 
volume contains a charge density p, the 
integral over the divergence will be 47pv, 
since 47 lines of force arise from each 


' charge. 


Gauss’ theorem states that the total 
efflux of the force lines out of the volume 
will also be 47 pv. 


Giorgi Units—MKS—In the last 
few years the Giorgi, or meter-kilogram- 
second, system of units has made great 
gains in popularity. In general there are 
four reasons for preferring one set of units 
over another. These are: (1) convenient 
magnitudes, which make the use of very 
small or very large numbers unnecessary 
in most calculations, (2) familiarity, that 
makes it unnecessary to constantly refer 








CAMBRIDGE “/4euntoute CORPORATION 


454CONCORD AVE. e 


CAMBRIDGE 38, MASS. 
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to tables and which makes magnitudes easy 
to visualize, (3) logical definitions, which 
make it possible in practice to define the 
units in a logical manner, and (4) ayoig 
ance of the use of factors such as ¢ in 
most equations written in the units, 


The Giorgi system of units meets they 
requirements as well or better than 
other system. Electric field intensity, Eig 
measured in volts per meter. The volts 
are the same as those used with simple 
circuits. Magnetic induction, B, js jp 
webers per square meter where one weber 
per square meter equals 10* gauss. Charge 
density, p, is in coulombs per square meter. 
Current density, J, is in amperes per square 
meter. Both the coulombs and amperes of 
the Giorgi system are the same as thog 
ordinarily used in circuit theory. 






The use of all these and other units g9 
that they fit in with the scheme used ip 
practical circuits and so that they are of 
useful magnitude is made possible in the 
theory of electromagnetism by assigning 
numerical values to &. and fo, the dielec- 
tric constant and the permeability of free 
space. 

These numerical values, # —= 4710" 
henry per meter and e, = 8.85 10 fara 
per meter are basic constants of this sys- 
tem of units and must be remembered. Jn 
this respect the Gaussian system of units 
is preferable since there both these con- 
stants are unity. 

It is now agreed by many workers in the 
field, however, that for most calculations 
it is better to have numerical values of 
e, and “# than to keep straight all the 
powers of 10 and ¢ that must be remem- 
bered in changing from the Gaussian sys- 
tem to practical units in order to interpret 
results in terms of voltmeters and am- 
meters. 





Gradient-Grad—TJhe gradient is an 
operator which has no physica meanng 
by itself but takes on such meaning when 
it operates on a scalar quantity. For ex- 
ample, if each point in a certain space is 
labeled with Cartesian coordinates +, ¥, 4, 
then ’ (x, y, 2) may be a scalar function 
giving the voltage, with respect to some 
reference level, of each point in that space. 
V (x, y, 2) is a symbol indicating an equa- 
tion containing x, y, 2, and Il’. 





For a given point x, y, and ¢ are cer- 
tain numbers; substituting these numbers 
into the equation causes it to specify a 
value for I” at that point. Now if the 
gradient operator works on P’ (x, y, 2),a 
new equation is obtained which specifies a 
vector at each point in space. This vector 
turns out to be one which points in the 
direction in which the voltage is most rap- 
idly changing, and one whose magnitude 
gives the rate of change of voltage per 
unit length along that direction. . 
~ In other words, the gradient of the volt- 
age is the electric field. Grad V = —E. 


More generally, the gradient of a scalar 
is a vector which shows the direction and 
rate of change of that scalar in space. It 
is an operator that is generally useful in 
working with scalar and vector fields. It 
is encountered in the study of hydrody- 
namics, aerodynamics, acoustics, etc., as 
well as in electrodynamics. 

[Continued on page 62] 
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Featuring 


The New HARVEY Regulated Power Supply 206 PA 
RANGE 500 to 1000 VOLTS 


This new Harvey development is bound 
to be a star, because it fills the need for a 
Regulated Power Supply in upper voltages. 
It may be operated in two ranges, 500-700 at 
\ of an ampere and 700 to 1000 at .2 of an 
ampere. Both ranges have accurate regula- 
tion to ome per cent or less. 

The new HARVEY Regulated Power Sup- 
ply 206 PA is a model of efficiency and oper- 
ating convenience. All parts are readily ac- 
cessible to the operator. It is — with 
spare fuses, a 6 ft. heavy duty Tyrex cord 
with a handy two prong plug. 

The HARVEY 206 PA is fused on the 
primary side and has both an overload relay 
and time delay relay. Two interlocks on the 


chassis afford the operator complete protec- 
tion. A black, crackle-finish panel and 
copper plated chassis make the 206 PA an 
instrument of beauty as well as precision. 

Although the HARVEY 206 PA is too 
new to picture publicly, ic has been thor- 
oughly tested and proved and is now in 
production. Made by the makers of the 
HARVEY 106 PA that is providing fine, 
dependable performance in the 200 to 300 
volt range, the HARVEY 206 PA will pro- 
vide equally fine performance in the higher 
voltages. 

Now is the time to get the complete story 
on this important new contribution to the 
radio-electronics field. Write, phone or wire 
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Application—L. R. 
poration of America. 


Civilian Equipment—J. I. 
Manufacturing Corporation. 


—K. W. 


poration. 


Radio Industry—Shailer L. 


THIS MONTH 


|Continued from page 42| 


Low Frequency Compensation of Multi- 


stage Video Amplifiers—M. J. Larson and 


E. Newlon, Stromberg-Carlson Com- 


pany. 


Trends in Receiving Tube Design and 
Martin, Radio Cor- 


Capacitors itor 
Cornell, Solar 


Standardization of 


4:00 P.M.—Committee Meetings. 

6:30 P.M.—Group Dinner. 

8:15 P.M.—Technical Session. 

One Look Backwards—and Two Ahead 
Jarvis, Sheridan Electro Cor 


Tuesday, November 14 


8:30 A.M.—Registration. 
9:00 A.M.—Technical Session. 
Report of RMA Director of Engineer- 


ing—W. R. G. Baker. 


The Organization of Research in the 


Radio Industry after the War—Rupert 
Maclaurin, 
Technology. 


Massachusetts Institute of 


Electronic Tube Trends—R. M. Wise, 


Sylvania Electric Products, Inc. 


12:30 P.M. Group Luncheon. 
2:00 P.M.—Technical Session. 
Silicone Products of Interest to the 
Bass and T. 


cates: 


3 tor 


HIGH 


A. Kauppi, Dow Corning Corporation. 
Designing Thoriated Tungsten Cathode, 
—H. J. Dailey, Westinghouse Electric & 
Mfg. Company. 
4:00 P.M.—Committee Meetings. 
6:30 P.M.—Stag Banquet. 
F. S. Barton—'Toastmaster. 
Major-General Roger  B. 
Speaker. 


Colton— 


ABSTRACTS OF 
N.E.C. PAPERS 


The following are avstracts ot some 
papers to be delivered at the National 
Electronics Conference, which will be held 
at the Medinah Club of Chicago on 
October 5, 6, and 7. 


The Electroencephalograph and Its 
Applications 
By R. W. GERARD, 
University of Chicago 
The development of electrical methods 
in neurophysiology will be considered in 
relation to the electrical phenomena en- 
countered in the nervous system. The 
advent and types of  electroencephalo- 
graphic equipment will be reviewed and 
its applications to medical science and 
clinical medicine presented. Special atten- 
tion will be given to the electrical waves 
obtainable from the intact human, nor- 
mally and in disease, and to some of the 
electrial and medical problems to be 
solved in the future development of this 
borderline field of electronics and physi- 
ology. 


MIDGET 


eo 


During peacetime, as the World’s largest loop 
aerial manufacturers, our job was to build the 
highest “Q” loop for every size and kind of 
radio receiver. If you make midgets you get 
the same DX Isoso-loop quality that goes into 
the large consoles. All of our present day 
efforts are devoted to making DX Xtals but we 
would like to discuss your post war receiver 
plans with you. 
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Electronic A. C, Power Regulator 
By R. F. Wizp and L. B. Crerpy 






The object of this paper is to describe 
an electronic a-c power regulator whic) 
is instantaneous and independent of fre. 
quency. 

The theory and design Considerations 
governing a conventional circuit ys 
gaseous . discharge tubes are Presented. 
The effect of the extent of voltage limip 
ing by the gas tubes on the degree of 
regulation is discussed. 

The application of these circuits fg 
regulation of low power, particularly th 
use in electronic apparatus, is treated and 
performance data on both circuits is given 




















































Aircraft Electronic Applications 
By A. P. Upton, 

Minneapolis Honeywell Regulator Co, 

Alternating-current operated  resistang 
bridges provide flexible control circuits 
since several can be combined to give net 
control voltages with minimum _ phase 
shift problems. These voltages and the 
corresponding required corrections are 
more accurately obtained with an amplifier 
consisting of a voltage amplifier and a 
pair of a-c operated discriminator tubes, 

Discriminator action, giving alternate 
relay operation or motor reversal, is pos- 
sible through a common power supply for 
discrimintor plates and bridge excitation, 

Control voltages are applied through 
the mediums of manual _ resistance 
changes; through temperature or pressure 
variations translated into __ resistance 
changes; or resistance changes resulting 
from gyroscopic influences. 

The last method is applied to stabilized 
bombing approach and autopilot systems 
made for the Air Corps. An added knob 
providing manual resistance — changes 
makes possible coordinated turns by the 
human pilot with extreme ease. 

A pressure operated variable resistance 
senses engine manifold pressure’ changes 
and causes supercharger waste gate posi- 
tion corrections throveh the use of a 
amplifier and a two phase motor in at 
other aircraft application. The same svs 
tem includes an oversneed and acceleration 
sensing device for preventing damage to 


' the turbo and crew and to prevent mani- 





fold pressure overshooting. 


UHF Converters and Conversion Diagrams 
By Harry StocKMAN 


Cruft Laboratory, Harvard University 


A broadcast frequency converter fune 
tions as a fixed-path-of-operation devict 
or as a changing-path-of-operation device 
The action can frequently be explained 
by means of a few measured character 
istics and a mathematical alnalvsis of 
these characteristics. As the frequency 
is increased, the conventional changing: 
path-of-operation device ceases to funt 
tion properly, and the action of the other 
type of converter becomes more and mort 
intricate. This action usually cannot be 
explained by a few measured character 
istics and simple additional mathematical 
analysis. The Chaffee method avoids 
direct graphical and analytical treatment 
of the mixer circuit, and is centered of 

{Continued on page 54 
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Excellence of construction means this I. C. E. 
Relay has the strength to resist vibration, shock 
and exposure... resulting in reliable opera- 
tion and long life. Versatility means that it 
can be used to do a score of different jobs for 
Sinhiiiis Mipwecn epek cents ae you. And of course... I. C. E. precision en- 
volts peak R. F. or A. C. Contacts break 4 gineering is your assurance of correct adjust- 


bilized 
ystems 
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ranges 
vy the 


stance 
ranges 
> POSi- 


. a GPETES. “HHA suleaden ent, requires ap- ment to close tolerances. Large quantities of 
; roximately 4 watt tuati ‘ . 

€ Svs . Ce ee ee these I. C. E. vacuum relays are proving them- 

‘ration Contact D. C. resistance less than 0.05 


selves on battlegrounds all over the world. We 
can give immediate delivery, in quantity, of 
these fine relays . . . your inquiries are invited. 
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® Aerovox Hyvol “Bathtub” Capa- 
citors are designed for applications 
requiring compact, extra-quality 
capacitors. They are specified for 
equipment that must undergo 
severe-service operating conditions, 
more particularly in military, air- 
craft, police, broadcast, P-A and 
other classes of communications 
equipment, as well as in electronic 
assemblies operating hour after 
hour. 


Type 30 is Hyvol impregnated and 
filled. Type 30M is mineral-oil im- 
pregnated and filled, 
















AEROVOX TYPE “30” 


se. 
One-piece drawn metal ca 


bottom plate. ; Aero- 
ss ed with the : 
Terminals Comet Goupierubber, babel 
vou-Origy permanently waa ppt m4 
insuerutely immersion-proof asse 
Absolu top, bottom oF ne 
and wiring requ 


Soldered 


adi side, 
erminals on 5 
= suit mounting 


ments. 

, 600 and 1000 v- 
‘opacitances. Single, 
sections. 


i t 
Cc. Choice © 
Bal and triple 


@ Consult Our Jobber... 


Ask him about those canacitors which you need. 
He either has them in stock or can get them 
for you. 


AEROVOX CORP. NEW BEDFORD, MASS .U.S.A 


Canada AFROVOX CANADA LTD. Hamu TON, ONT 
Export: 13 E. 40S1 New Yorn 16,N.Y.- Cable: ‘ARLAB’ 
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| the behavior of the nonlinear element and 
| its i-f load, the technical data being col- 


lected in the form of so-called Conversion 
Diagrams. The coeflicients inhere in the 
Slopes, spacings and scales of such dia- 


| grams are linked to the input voltage, out 
| put voltage and output current by means 





of equations, which permit calculations 
pertaining to the output for unmodulated 
and modulated input waves. Several 
series of conversion diagrams provide 
information for useful design quantities, 
when such parameters as local oscillator 
voltage and i-f load impedance are given 
different values. 
The measurement set-up used at Cruit 
Laboratory is briefly described. Several 
curves read from the obtained conversion 
diagrams are discussed in the text. 


The Use of Radio Frequencies to Obtain 
High Power Concentrations for Indus- 
trial Heating Applications 


By W. M. Roserps, 
Radio Corporation of America 


The use of radio frequencies makes 
possible the application of power to metal 
objects in concentrations up to 100 kw. 
per sq. inch. This may amount to 20,000 
kw. per cubic inch under favorable con- 
ditions. 

lor some industrial applications such as 
surface hardening or welding, high power 
concentrations permit heating of the de- 
sired parts in 2/10 second. Thus, the 
high temperature regions are accurately 
limited. 

These power concentrations are attained 
with the use of electronic generators with 
output powers up to 200 kw. at 400 kc. 
The generator is coupled to the work 
through a current transformer and .a 
single turn inductor loop. 

Very high frequencies are used to heat 
dielectric substances in power concentra- 
tions up to 1000 times as great as can 
be obtained by heat conduction into the 
work. The size and shape of the work 
and the power output capacities of the 
r.f. generators are the principal limiting 
factors. The thicker the work, the greater 
is the advantage of the r.f. heating 
method. Practical power concentrations 
range from 10 watts per cubic inch at 
10 Mc.—used for gluing thick wood sec- 
tions—to 20,000 watts per cubic inch at 
200 Mc. used to seal thin plastic films. 


New Methods and Techniques in High 
Frequency Heating 


By EuGEeNE MITTELMANN, 
Illinois Tool Works 


Most industrial applications of high 
frequency power are characterized by the 
fact that the output terminals of the 
generator (which may be either of the 
self-excited or of the master control 
power amplifier type) have to deliver 
power to a large variety of load im- 


| pedances. Furthermore, in the great ma- 


jority of industrial applications the im- 
pedance value of the once selected load 
itself varies in wide limits during the 
heating cycle. Characteristic examples of 
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ing generator the rematching takes place 













such load behavior are (1) the heatingus 
of ferrous metals beyond the point of 
magnetic transformation, at which fh 
permeability becomes unity and_hengs 
the originally low impedance load 
changes to one of high impedance; (2) 
the heating of thermo plastic materials, 
where the power factor increases with’ 
temperature; (3) the curing of rubber, 
where the power absorption by the loag 
goes through a maximum and minimum! 
during the heating cycle. 7 

Such load behavior means that the gen. 
erator is unable to deliver its rated power: 
output to the load except for a short 
fraction of the total heating cycles when 
matching conditions happen to exist be 
tween load and generator. Increased effi." 
ciency and greater effectiveness can be 
obtained if generators are designed which 
are able to deliver a constant rated power 
to a varying load. It can be shown that 


the equivalent circuit of a loaded gener- In\ 
ator can be reduced to a diagram in which sha 
the resistance in series with a reactance is 

coupled to the terminals of the generator, mai 
The reactance includes the combination Ein 
of the reactive component of the external hi 
load and of a reactive coupling element. 1S | 
It can be further shown that to maintain en; 
matching between load and generator for 

changing load conditions the orbit of the sul 
end of the impedance vector must be a Eir 
circle with a diameter equal to the equiva- ; 
lent parallel loss resistance referred back Eir 


to the terminals of the generator. The 
value of this equivalent loss resistance 
must be so selected that it satisfies match- 
ing conditions for maximum _ power 
delivery. 

Both induction heating and _ dielectric 
heating generators, up to 20 kw. useful 
high frequency output, are described, in- 
corporating methods which satisfy the 
above conditions. In the induction heat- 


automatically at the magnetic point of 
transformation. In dielectric heating units, 
where the heating cycle is considerably 
longer than the one used in induction 
heating, the rematching is continuous. 
Practical examples are discussed demon- 
strating that by utilization of the rematch- 
ing principle generators of smaller ratings 
can be used. 


Industrial Fluoroscopy of Light Materials 
By Scotr W. Smiru, Ph.D., Physicist 


Kelley-Koett Manufacturing Company 


The possibility of using fluoroscopy for 
x-ray inspection of light materials, as a 
means of relieving radiography of part 
of its burden, offers strong appeal in 
spite of the disadvantages of lower sensi- 
tivity and of not furnishing a permanent 
record. Fluoroscopy does offer the means 
of directly viewing the image while the 
object is in motion, supplying a three 
dimensional impression; and it also elimi- 
nates the expense and delay of films. This 
paper discusses the factors which limit 
the sensitivity attainable in fluoroscopy 
from two standpoints: forming the image 
and viewing it. Photographs of the fluoro- 
scopic image show that greater detail 
exists than can be seen by viewing the 
faint image directly. The loss in sensi- 


[Continued on page 56] 
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In vacuum tubes many complicated 
shapes, large and small, must be 
made within very close tolerances. 
Eimac’s know-how of handling glass 
is just One reason why electronic 
engineers throughout the world 


submit their special problems to Forming special quartz part at 1800° Centigrade 


Eimac with complete confidence in 





Eimac’s ability to do a superior job. 


The use of R. F. heat in making glass to metal seals 
simplifies and speeds many such sealing operations 


There are four complicated glass to metal seals 
in this vacuum tube part 





” Ve 
. . a 
Making very large glass seals requires expert han- 


dling. Two 17” glass cylinders are being joined | 


Heavy glass tubing is accurately and rapidly 
sealed with a Radio Frequency Arc 


Follow the leaders to 


v.s.rt-o'!  BITEL-McCULLOUGH, INC., 872 San Mateo Avenue, SAN BRUNO, CALIFORNIA 
Plants located at: San Bruno, [agg California and Salt Lake City, Utah 


TUBE Export Agents: Frazar & Hansen, Vi o San Francisco 11, California, U.S. A. 


Electronic Telesis —a 
sixty-four page, com- 
plecely illustrated 
handbook has been 
designed especially to 
assist you in explain- 
ing the fundamentals 
of Electronics to lay- 
men. Send for your 
copy today. 
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Dumont Electro- 
lytic tubulars for 
the duration have 
the following spe- 
cial features . . 
and are guaran- 
teed to give the 
same high quality 
performance for 
which all Dumont 
Electrolytic Tubu- 
lars have a repu- 
tation. 


SELF HEALING 
LONG LIFE 
ECONOMICAL 


JOBBERS! 


eur products 
are distributed 
by exclusive 
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tivity is mainly due to the low brilliance 
of the image and the deterioration of both 
apparent contrast and visual acuity at low 
brightness levels. Proper dark adaptation 
of the eyes is required for maximum sen- 
sitivity. A study of the limitations set by 
the fluoroscopic screen, x-ray tube, and 
other factors in our present methods of 
fluoroscopy, indicate that a sensitivity of 
at least 5% is feasible in examining light 
alloy castings ard other objects of light 
material. 


Field Emission Applied to Ultra-Speed 
X-Ray Technique 
By C. M. Strack, 
Research Department, 
Westinghouse Lamp Division 


The making of “ultra-speed”  radio- 
graphs, using exposure times of the order 
of (1) micro-second requires the passage 
of electron currents of 2000-3000 amperes. 
Currents can be supplied by an electron 
source utilizing field emission from a cold 
cathode electrode in a high vacuum. An 
auxiliary focussing electrode connected 
to the anode through a high resistance, 
and spaced very close to the cathode, 
serves to initiate the discharge which is 
then transferred to the anode with con- 
sequent generation of x-rays. 

The use of a Marx circuit enables one 
to charge the necessary condenser bank 
at relatively low voltage and obtain sufh- 
cient x-ray output to make useful radio- 
graphs through one inch of steel at 300 
kw. 

The very short exposures possible with 
this tube and generator have permitted 
harp radiographs to be made of ex- 
‘re~ely rapidly moving objects such as 
‘igh speed bullets, rapidly moving ma- 
‘hine parts, etc. The chief use of this 
‘evelopment has been in ballistics research 
‘n various arsenals and manufacturing 
‘ants in this country and abroad. Pos- 
ible post-war uses should be found in 
nalvsis of rapidly moving parts of ma- 
hinerv where distortion or displacement 
»f enclosed parts is suspected. insnection 
of parts on a continuously moving con- 
veyor belt, and any application for w'uc. 
the conventional x-ray tube is too slow. 

Possible applications of this intense 
electron source to other electronic devices 
will be discussed. 


A Method for the Generst’on of Ouasi- 
Contituous F-equency Spectra for Use 
With Secondary Frequency Standards 


By Harotp Go-pperc and 
RicHArp G. TALPEY 


The general question of secondary fre- 
quency standards as applied to frecuen- 
cies in excess of 100 mc. and particularly 
in the microwave region is discussed. The 
limitations of the usual type of standard 
are discussed and alternative systems ap- 
plicable to the microwave region are ana- 
lyzed. It is pointed out that the silicon 
crystal is an excellent non-linear element 
for the generation of harmonics in the 
microwave range. A secondary frequency 
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standard is described which makes Use 
of a multiplier chain based on a Stabilized 
quartz crystal oscillator supplying a fre, 
quency f. ‘Lhe frequencies occurring jp 
the chain are summed and applied to , 
fiual silicon crystal harmonic  generato;. 
The result is a frequency spectriam start. 
ing with f and supplying frequencies nf 
for orders of m which may exceed 10), 
In the particular standard described, 
standard frequencies are generated to a 
least 10,000 mc. 

The question of identification and de. 
tection of these frequencies is also dis. 
cussed. Identification is made with 
coaxial line type wavemeter and deter. 
tion by means of a superheterodyne de. 
tector. This superheterodyne detector 
uses no preselection, a silicon crystal 
mixer, a broad band i-f amplifier, and an 
audio amplifier. The output of the sec. 
ondary standard is audio modulated. The 
standard has been successfully used in the 
microwave range and is no more difficult 
to use than the conventional secondary 
standard used for frequencies below 50 mc, 


AU 


TAYLOR SALES POLICY 


Rex L. Munger, sales manager of Tay- 
lor Tubes, Inc., states that effective Sep- 
tember 1, 1944 various radio distributor- 
jobbers will act as Taylor representatives 








Rex Munger 


in the areas which they serve. This) 
means that on industrial business, which} 
is usually handled by the manufacturer's 
representative, these distributors will do 
the work, and get the commissions. 


MERIT APPOINTS CROCKETT 

Chas. H. Koch, President of Merit Coil 
& Transformer Corp., 311 No. Desplaines 4 
St., Chicago, 6, Ill, announces the ap- 
pointment of John I. Crockett, Jr., as sales 
manager. Previously with Thordarson 
Electric Mfg. Co. where he was chief en- 
pediter, Mr. Crockett brings to Merit a7 
long background of sales and distribution 
experience. 

Although all of its expanding facilities 
are now devoted to the war effort, Merit 
is perfecting plans for post-war manufac- 
turing and distribution. 
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Tay- A BASIC INSTRUMENT IN LAB- 
ORATORY AND INDUSTRIAL WORK @ Checks calibration of beat frequency oscillators or 


other generators. 


Sep- 
utor- 
tives 





@ Indicates beat note frequency produced by a standard high 
frequency oscillator and a radio transmitter. 





@ Used extensively with recorders in crystal labora- receiver for checking transmitters at distant points. 
i ro 2eky y ervets sharacterictics e . . 
tories for checking crystal characteristics. @ Used with special generator as a highly accurate 


@ Used with an accurate crystal oscillator and radio tachometer for indicating or recording rotational speeds. 


DESIGN AND OPERATING ADVANTAGES: 





Quick, accurate, direct reading. Has six-inch indicating meter with ten scales respectively calibrated for 50, 100, 
200, 500, 1,000, 2,000, 5,000, 10,000, 20,000, and 50,000 cycles. 


o o,@ n e . . 7 7 
-Limiting circuit makes readings independent of input voltage over a range of several hundred to one. 


Self-contained regulated power supply compensates for changes in line voltage. Operated 
from 110 volts, 50 to 60 cycles. 


Wave form errors practically eliminated by unique circuit. 


Operates recording meter directly—with no additional amplifier. 


his | 
. : Accurate io within 2% of full scale. 
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NEW PRODUCTS 


[Continued from page 37) 


MINIATURE SCREWS 


Manufacturers Screw Products, 216-222 
W. Hubbard Street, Chicago (10), Illinois, 
manufacturers of the Stronghold line of 
fastening devices, has increased the range 
of sizes of its “Perfection in Miniature” 
Machine Screws. 


These screws, “so tiny they might have 
been designed for your watch,” are now 
available in 0-80, 1-64 and 1-72 thread di- 
ameters, both in steel and brass. The fas- 
teners are used in vitally important pre- 
cision equipment such as head phones, 
microphones, hearing aids and delicate in- 
struments. 


HOLE-CUTTING TOOL 


A new all-purpose adjustable hole-cut- 
ting tool is announced by Bruno Tools of 
Beverly Hills, California. Two sizes are 
available, each equipped with an easily re- 
sharpened High Speed steel blade. One 
model cuts holes to any diameter from 
¥% inch to 1% inch through % inch thick- 
ness. The other model covers all expan- 
sions from 1 to 2% inches through thick- 
nesses up to 3% inch. The tools are de- 
signed to operate in light drill presses, 
portable drills, or breast drills and are also 
available with square shanks for use in 
hand braces. 
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WEIGHT: Approximately six pounds. 
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MEASUREMENTS CORPORATION 
BOONTON, NEW JERSEY 


NEW KOOLOHM CATALOG 


A new 28-page catalog just issued in- 
cludes specifications and engineering data 
on the complete line of Sprague Koolohm 
wire wound resistors, in addition to list- 
ing various Koolohm types not included in 
previous publications. Among the types 
presented are both standard and hermetic- 
ally-sealed power wire wound resistor types 
up to 120 watts; 10- and 15-watt voltage 
divider sections; bobbin-type resistors; 
hermetically-sealed precision meter multi- 
pliers; and Megomax high-voltage, high 
temperature resistors. 

Copy of the new catalog will be sent 
on request to Resistor Division, Sprague 
Electric Company, North Adams, Mass. 
Ask for Koolohm Catalog 10E. 


NEW TRANSFORMERS 


This constant voltage transformer is in- 
dicative of the general trend towards built- 
in automatic voltage regulation of fila- 
ment supplies in army and navy electronic 
equipment. 

The illustration shows small, compact 
unit in hermetically sealed case, designed 
for chassis mounting. Rated at 6.3 Volts, 
17 VA output, it will maintain that value 
within plus or minus 1% regardless of line 
voltage variations as great as plus or 
minus 12 to 15%. It is specially valuable 
for the stabilization of E-C oscillator cir- 
cuits. Electronic equipment, in which this 
transformer is a built-in component of the 
basic design, does not require filament volt- 
meters or manual controls. 

Many new designs in Constant Voltage 


MODEL 62 


PRICE: $135.00 f.0.b. Boonton, N. J. 
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VACUUM TUBE VOLTMETER | 


SPECIFICATIONS: 
RANGE: Push button selection of five ranges—l, 3,10, 30 and 100 volts a.c. or d.c. 
ACCURACY: 2% of full scale. Useable from 50 cycles to 150 megacycles. 
INDICATION: Linear for d.c. and calibrated to indicate r.m.s. values of a sine- 
wave or 71% of the peak value of a complex wave on a. c. 
POWER SUPPLY: 115 volts, 40-60 cycles—no batteries. 
DIMENSIONS: 4%" wide, 6” high, and 8%” deep. 


Transformers are fully described in a new 
manual (Bulletin 11 CV-102) to be re. 
leased soon by Sola Electric Company, 
2525 Clybourn Ave., Chicago 14, III. 


TAPE MARKER 


Proper identification of the hundreds of 
wires and tubes going into a modern war- 
plane has been greatly simplified by em- 
ployees of the Army Division Electrical 
and Tubing Departments at The Glenn L, 
Martin Company, Baltimore, Maryland, 
with the development of a new machine 
for making cellulose numeral tape—the 
means of identification specified by the 
Army and Navy. 

With the new Martin machine it is pos- 
sible to print up the tape as needed, thus 
removing the necessity for stocking large 
quantities of tape and relieving the tape 
manufacturers of one of their greatest 
wartime headaches. Prior to the develop- 
ment of this machine it was necessary to 
stock large quantities of previously printed 
tape, and since some numbers were used 
up more rapidly than others with require- 
ments constantly changing, this resulted in 
delays due to shortages in some numbers 
while others went bad before they could 
be used. 
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GIVE SENSITIVE EQUIPMENT 
AN IMPENETRABLE DEFENSE WITH 


erti Hermetic oeals 


loleme production / Fampt felweries/, 


Block the only points of entry for dust, fungus, moisture and other external 
elements that threaten the efficiency of equipment under tough military condi- 
tions. Adopt Sperti Hermetic Seals for capacitors, condensers, inductances, 
relays, vibrators, transformers and other component parts. 








ONE Piece. Glass and metal are fused into one piece to form a vacuum-tight 
hermetic bond. Resist corrosion. Have a thermal operating range of —70° C. to 
200° C. Insulation leakage resistance, 30,000 megohms, minimum, after Navy 
Immersion test. 


SOLDERING TEMPERATURE NOT CRITICAL. Simple, easy to attach by means of high 
frequency, oven-soldering or standard soldering iron. 


WIRE, WRITE OR PHONE TODAY for information. Full details of planned use of 
Sperti Hermetic Seals will bring proper recommendations and desired samples, 


promptly. 
Mpert | 
E 
per | INCORPORATED , € 


Electronic Division, Dept. R-4 
RESEARCH + DEVELOPMENT - MANUFACTURING ° CINCINNATI 
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for maximum gain, the noise suppres 
sor circuit operates to allow operation 
of the receiver on any signal in ex 
cess of 5 microvolts on the grid of the 
Ist r-f tube. Reducing the Sensitivity 
of the receiver by means of the sensi 
tivity control causes the noise sup. 
pressor circuit to operate at a corre 
spondingly higher value of signal input, 
Very sharp ON and OFF action jg 
obtainable with this circuit with no 
appreciable intermediate — condition 
wherein the receiver is partially ope 
rative and partially blocked. 


Harmonic Distortion 


Harmonic distortion of this receiver 
is comparatively low considering the 


+] ‘ 
Products of “MERIT” are passing the test type of service in which it will be em. 


Complying with the most: exacting requirements for precision _ P) , aw 
workmanship and durable construction. MERIT has established ployed. For an output of one watt over 


its ability to produce in quantity and deliver promptly— aS a the frequency range of 90 to 3000 

Transformers © Coils © Reactors © Electrical Windings of All T for ’ cycles per second, it does not ex 

Radio, Radar and Electronic Applications. oan y / : : cea 
10% at any point and for its maximum 

Today these dependable aged peccilos Parts are secret wea- 

Pons; tomorrow when they can shown in detail as MERIT rated output of three watts, the total 


standard products you will want them in solving the problems of - 2 ™ ~~ wree of, 
a new electronic era. distortion does not exceed 20% 


Illustrated: High Voltage Transformers A-2123 (small) and CF 
Since 192 


A-2124. Designed for hig \eleloodes. Oil-filled and Hermetic sealed..— Regeneration 


MERIT COIL & TRANSFORMER CORP. During the development stages of 


this equipment some difficulty was ex- 
perienced with both r-f and a-f regen- 
eration, which finally was completely 


311 North Desplaines St. CHICAGO 6, ILL. 


eliminated by the unique method of 
shielding employed in the r-f section 
of the equipment. It will be noted from 
Fig. 2 the r-f portion of this receiver 


CENTERED wn is completely self-contained on a sepa- 


rate small chassis measuring approx- 


EYE* ‘IN imately 5 inches X 5 inches X 1 inch 


deep. This chassis contains the gang 


“Top eRation tuning condenser, the four associated 


inductances, the trimmer condensers 
. for each of these circuits as well as the 

With DI-ACRO Benders coupling condensers which intercon- 

DI-ACRO Precision Bend- DI-ACRO Bender nect them, It is to be noted that each 

The DI-ACRO Bender ing is accurate to .001” for No. 1 stage is shielded from each other stage 


Forming radius 2° e , 

makes perfectly centered . , 8 7 r means P , x 

ius them ced or aire 7 duplicated parts. DI-ACRO anges. Capacity by means of a partition which extends 
¥ roun colic > > > > > - 

stock at high hourly Benders bend angle, channel, A pier to the entire height of the r-f chassis 


production rates. Both ms : — P sncere e ra 
eve and ceutering bend rod, tubing, wire, moulding, equivalent. and condensers employed to couple the 


are formed with one operation. ERT Tigre hi . stages extend through apertures in 
Any size eye may be formed strip stock, etc. Machines are g £ I 
— cnpacity of punter and easily adjustable for simple, these shields. Proper placement 0 
ductile limits of materials : ‘ P » « . P H . 
compound and reverse bends parts as well as strict adherence to 
of varying radii. * Seen fundamental principles of ultra-high- 
frequency circuit design resulted in a 
__ Send for CATALOG radio-frequency section of excellent 
rece tie es eee By Ene “ol frequency stability as well as one which 
Bender No. 2 CATING showing many E-LESs’” | y ste ’ s 
Forming radius . kinds of “dieless” du- DUPLICATING was almost completely free from. the 
6" approx. Capa- a vlicating produced with j . “° - 
city 44” round y m «€DI-ACRO Benders, Are DACRO Syne effects of mechanical vibration. 
cold rolled steel Brakes and Shears. Wihout Dien N® 
bar, formed cold 


to 1” radius. Also a i | 
Bender No. 3, Ss ae i A See. 01-ACRO exhibit TS General 
with forming ra- 1 ationa Metal Congress ; 
dius 9° approx. Cleveland, Oct. 16-20. 
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The receiver has been designed to 
be fed from the antenna by means of a 
70 ohm concentric line which attaches 
directly to a receptacle provided at the 
rear of the chassis which, in turn, 1s 
coupled to a point of proper impedance 


Nereus 346 EIGHTH AVENUE SOUTH ¢ MINNEAPOLIS 15, MINN.| on the first r-f inductance. 
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WRITE TODAY! 


GET ACQUAINTED 
NOW WITH THE 
RESISTORS OF 
TOMORROW! 


<i 


J 


on the most up-to-the-minute renkesens 


HERE’S THE LATEST DATA.. 


Time and again, during the past seven 
years, Sprague Koolohms have demon- 
strated convincingly their ability to 
handle jobs that old-style, conventional 
wire-wound resistor types could not 
handle satisfactorily. 


One after another, they have proved 
their superiority in practically every 
essential characteristic — from faster 


heat dissipation with resulting use up 
to full rated wattage values, to better 
performance under humid conditions. 


Whether for war use today, or for 
greater efficiency for your post war 
product tomorrow, it should pay you 
to become fully acquainted with this 
remarkable resistor development. 
Write for this big new catalog today! 


Resistor types in this new catalog include: 


Wire-wound power types, 5- 
to 120-watts. Inductive and 


non-inductive. 


Hermetically-sealed wire- 
wound types, 10- to 120-watts. 


Wire-wound bobbin types. 


Voltage divider sections, 10-, 
15- and 25-watts. 
Hermetically-sealed precision 
meter multipliers resistors. 
Megomax hermetically - sealed 
high-voltage, high-temperature 
resistors. 


SPRAGUE ELECTRIC COMPANY, Resistor Division 


(Formerly Sprague Specialties Co.) 


NORTH ADAMS, MASS. 


> sence KODLOUES RESISTORS 


The Greatest Wire-Wound Resistor Development in 20 Years 


* Trademark Reg. U. S. Pat. Off. 
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o or Atlanta 


Fractional H.P. Motor 


For use in model work, 
or in any usage where a 
small, powerful, slow speed mo- 
tor is segues, Compact, —_ 
horsepower induction type. - 
erates ag Be Ry ng AC, 
60 cycles. Motor spee , with gear 
tain driving "' shaft at 24 RPM. 2''x134""x3 
overall, excluding shaft 


;*. Specially priced, $2.50 


RCA Facsimile 
Broadcast Receiver 
RCA MODEL FAX-2A 


Fully automatic pre-tuned 
high fidelity radio receiver, 
facsimile printer amplifier, 
facsimile printing unit, and 
Telechron time switch clock. 
This instrument has many uses in the Icbora- 
tory The printing unit utilizes carbon paper in 
contact with white paper as a recording me- 
dium. Complete with tubes and operating and 
service instructions, but less recording paper. 
M25749 + + 6 6 « 6s 6 eee 


vo TRC 20-Ohm, 
}—.. 25-Watt 
i Power Rheostat 


> All metal; die cast aluminum 
case. Heat uniformly dissi- 
pated throughout element. 
44’ Shaft screw driver ad- 
justment. 

M8167. 12140" diameter. . . . . . 


. ae . 

ae Meissner 9” Slide 
Rule Dial. Single speed 
vernier dial mechanism. 
Fits 34'’ shaft. S-band scale 
calibrated 5.85-18.2mc, 
17.6-42me and 133-406kc. 
Includes escutcheon and bayonet type dial- 
light sockets. Ratio 17:1 

M39978-Type, 23-8230 . $4.70 


NOTE: All items subject to prior sale 















$1.39 





FREE! The country's most valu- 
able catalog of Radio and Elec- 
tronic Components and Equipment 

- 104 pages packed with items and 
values of high interest to industry, gov- 
ernmental agencies, dealers, service 
men, radio schools, etc. The only 1944 
volume of its kind. Copies are going 
fast _.MAIL COUPON IMMEDIATELY. 


aoa anwoe em" 


[ pio CORP. 1 
LEE oon Bivd., Chicago 7, Mi. 
' at f the 
FREE copy ° 
[iutyete: Radio Corporation Catalog 
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[Continued from page 50| 


In the case of Cartesian coordinates the 
gradient is 
5 5 8 
1— + j79—+ k — 
8x dy bz 
In other coordinate systems the form is 
somewhat more complicated. 


Group Velocity-U—There are tw 
velocity quantities associated with wave 
motion. These are group velocity and wave 
velocity. Very often group velocity is rep 
resented by U and wave velocity by V. 
If only a steady signal having a single 
frequency is employed, we are never con- 
cerned with group velocity. The concept 
of group velocity needs to be used only 
when we deal with transients or have a 
modulation present on the carrier. Group 
velocity is the velocity with which a signa 
is transmitted along a wave and is numert- 
cally different from wave velocity only if 
the medium is such that the wave velocity 
varies with frequency. 

Suppose, for example, we 
waves of slightly different wavelength 
both traveling in the same direction 
‘hrough a medium. Suppose, further, that 
these two waves are continuous so that by 
measuring over a long portion of the wave 
train, we can accurately specify the wave 
lengths. Now, since the wave-lengths are 
different, it must be true that if a snapshot 
of these waves could be taken, the picture 
would show cancellation in some regions 
and reinforcement in others. If, at one 
point along ‘the path, the two waves are 
cooperating so as to violently disturb the 
inedium then, at other points which are an 
even number of half wavelengths distant 
for one wave, and an odd number for the 
other, there will be complete cancellation. 
Thus the medium will appear to be excited 
by groups of waves which appear at points 
of reinforcement and to be separated by 
null points where the interference is com- 
plete. 

The velocity of these bundles of waves 
is called group velocity. The velocity of 
the individual constant frequency waves is 
called wave velocity. If the wave veloci- 
ties of the two constant frequency waves 
are the same, it is clear that the group 
velocity will also have that value. On the 
other hand, if the wave velocities of the 
two continuous waves are different, then 
the group velocity will be different from 
both the wave velocities. This is true be- 
cause the velocity of the group depends 
not only on the velocity of the continuous 
waves but also upon the way in which one 
wave catches up with the other and thus 
influences the position of the reinforce- 
ment regions. 

Velocity measurements of electromag- 
netic waves in actual apparatus usually 
yield group velocities. In general it is 
only possible to make the measurement by 
marking a point on the wave by the use 
of modulation. Energy in a wave travels 
with the group velocity. The relation be- 
tween the two velocities is 

U = V —rAdv/dr. 
{To be continued next month] 
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PATS. APP. FOR 


TECH LAB MICROHMM 


. » « gives direct and instantaned 
readings of resistance values down 10” 
5 microhms and up to 1,000,000 me 
gohms. Accuracy in all measurements to 
better than 2%. Output is sufficient to’ 
drive recorder. Entirely AC operated, 
Furnished in two models. Reasonably 
prompt deliveries. For complete data 
regarding other applications write for 
Bulletin No. 432. 
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INSPECTION ON THE LINE 


MAKING HISTORY IN COMMUNICATIONS 


Inspection before assembly, quality control ... more than that... team 
work from material dispatcher, assembler, inspector, to the girl on the 
packing line . . . have made possible the fine achievement represented 
by the Army and Navy “E” Award presented to the men and women of 
the Universal Microphone Company. 


In production of military microphones before Pearl Harbor, Universal 
had the necessary “know how” for immediate war production. The 
engineering experience and production efficiency of war production will 
be reflected in the electronic voice communication com- 


FOR FINE ponents offered by Universal to consumers in the future. 
Until then — BUY WAR BONDS. 


ACHIEVEMENT 


INGLEWOOD, CALIFORNIA 


FOREIGN DIVISION: 301 CLAY STREET, SAN FRANCISCO 11, CALIFORNIA -- CANADIAN DIVISION: 560 KING STREET WEST, TORONTO 1, 
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War work has expanded Triplett production far — © prArsonval Moving Coil 0.C 1938, page 723. 

beyond previous capacities and, with the experience Instruments 

of more than forty years of instrument manufactur- —¢ poupie tron Repulsion AC Weather by Radio—Dr. Karl O. Lang 
ing, has bettered the Instruments coming off the atmos —The Sportsman Pilot, Vol. 19, No, 2 
production lines. 


Feb. 1938, page 8. 
Now—better instruments are ready for general RE ALOR. 
use. Place your orders, at once, with Triplett— © R.F. and Rectifier Types, 
headquarters for instruments made to one fine Sizes 2” through 7° 
standard of engineering. 


Instructions for Airway Meteorological 
Service, Published by U. S. Dept. of 
Agriculture Weather Bureau. 


Weather Forecasting on the Hughes 
TRIPLETT ELECTRICAL INSTRUMENT CO. Flight—Aero Digest, Vol. 33, No. 2, Aug 
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Radio Equipment for the Harvard Radio- 
Meteorographs and the 1936 Radio 
Meteorograph of Blue Hill Observatory 
—A. E. Bent and K. O. Lange—Amer- 
ican Meteorological Soc. Bul., Vol. 18, 


The result of precision engineer- a ee No. 3, March 1937, pages 99 and 107. 
ing, painstaking production and —emn ; 

inherent stamina. This is the bat- Foe - E i A Radio-Meteorograph System — with 
tle-tested background you get with Jas ' a Special Aeronautical Applications — H. 
every Cinaudagraph Speaker. If \ : Diamond, W. S. Hinman, and F. W. Dur- 
- aegnod ri — moog ope \ : A eo more — Jour. of the Aeronautical 
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naudagraph & peakers. | ne. 


3911 S. Michigan Ave., Chicago 
Export Div., 13 E. 40th St., New York 16, N. Y. 


“Ne Hiner Speaker ATLL Ae = |(™Vinds in Upper Troposphere and Lower 
[Continued on page 66] 
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WADSWORTH 
FACILITIES 


Die Making 
Jigs & Fixtures 
Gage Making 
Model Building 

Milling 
Drilling 
Turning 
Stamping 
Screw Machining 
Hard Soldering 
Line Assembly 
Polishing 

Lacquering 

Photo Etching 
Silk Screening 

* Product Decorating 
Metals Laboratory 
Engineering Design 

Product Design 


CURRENTLY 
SERVING THESE 
INDUSTRIES 


Aircraft 
Automotive 
Bearing 
Electronics 
Instruments 
Machine Tool 
Small Arms 
Refrigeration 
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WADSWORTH 


in one year produced and delivered 


2,564,913 
of these 


SMALL PRECISION PARTS 


@ This handful of 59 of these small steel 
parts weighs only 5.9 ounces. 


@ Yet this 5.9 ounces represents 6.83 
hours of precision work, subsect to most 
critical inspection. 


@ Through Wadsworth Engineering for 
Mass Production and Wadsworth Operat- 
ing Economies, a 36% Cost Reduction has 
been effected and passed on to the customer. 


Pacem is making small precision parts for 
forty-five major companies which normally manu- 
facture such products as radio equipment, refriger- 
ators, automotive parts, precision instruments. 


After the war, Wadsworth’s small parts facilities 
can be of important assistance to many manufac- 
turers in holding sales in a competitive market. 


We shall be pleased to discuss with you the pro- 
duction of those small parts and assemblies you 
have found a problem in the past and may soon 
require again. 





SMALL PARTS DIVISION 


DAYTON, KENTUCKY, SUBURB OF CINCINNATI, OHIO 
PHONE COLONIAL 8194 e (CINCINNATI EXCHANGE) 
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Yads worth WATCH CASE CO., Inc. 
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EASTERN PUMPS 


FOR VACUUM TUBE 
COOLING SYSTEMS 


Five different models of small centrifugal 
pumps designed for circulating water through 
the cooling systems of communication and 
X-ray tubes have been successfully designed 
by Eastern Engineering Company, long a 


leading manufacturer of small pumps for 
big jobs. These pumps may be had_ for 
either land, sea or airborne installations. 


(Designated as the AR Series) 
These are designed in conformance with 
Army and Navy standards. They have the 
following outstanding features: 
EXTREMELY LIGHT WEIGHT * COMPACT ® 
INTEGRAL PUMP AND MOTOR UNIT °*¢ 
EXPLOSION PROOF © VARIED PERFORM- 
ANCES AVAILABLE * OPTIONAL VOLTAGES °¢ 
LONG LIFt CONTINUOUS DUTY °* DE 
PENDABLE OPERATION © UNIVERSAL 

MOUNTING 

The pump and 
motor are one in- 
tegral unit weigh 
ing but two and 
one-third pounds 
and measuring 
over-all 554” x 
4th” x 214", 





Performance up to 
11 P. S. I. and up 
to 5 gallons per 
minute. Models are 
available in stand- 
ard 12 and 24 
volt D. C. ratings, 
Shown are per- 
formance curves 
for the AR2, 3 
and 4. All models 
have long life and 
are rated for continuous duty with the ex- 
ception of model AR4, which under 8 P. S. I. 
is rated for intermittent duty. While the 
curves shown are those for which production 
is now standard, it is readily possible to 
obtain other characteristics where quantity 
is involved. 


PUMPING WATER 





The pump is equipped with a mechanical 
rotary seal which positively seals against 
any leakage. This seal is adjusted at the 
factory and tested under excessive pressure, 
Once the pump has been released from the 
test room mo further attention or mainte- 
nance is necessary for either motor or pump 
during the life of the unit. 


LAND AND SEA MODELS 
(Designated as E-1 and E-7) 








Both are centrifugal pumps, powered by 
General Electric Universal Motors. Model 
E-1 is 7” x 334” x 3%", Ys H. P., weighs 
6 Ibs. and has a Maximum Pressure of 20 
Ibs. P. S. I. with a Maximum Capacity of 
7 G. P. M. Model E-7 is 9” x 4” x 4”, 
¥% H. P., weighs 8 lbs. and has a Maximum 
Pressure of 30 lbs. P. S. I. and a Maximum 
Capacity of 9 G. P. M. Performance curves 
for both models are shown above. Both of 
these models are designed for long life. They 
are equipped with mechanical rotary seals 
which completely seal the pumps against 
leakage. While the curves shown are those 
for which production is now standard, it is 
readily possible to obtain other character- 
istics where quantity is involved. They can 
be obtained with motors to meet Navy 
Specifications. 


EASTERN ENGINEERING COMPANY 
74 FOX STREET - NEW HAVEN 6, CONN. 
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} Vibration is a deadly enemy. 
Unless equipment and parts can with- 
stand its destructive force, irreparable 
damage results at crucial moments. 


Parts tested on Utah's Vibration Life- 
test Equipment have the “‘bugs’’ shaken 
out of them before they are ready for 
quanuity production; are again proved 
by this “ power dive”’ test of production 
tuns...assuring unfailing performance. 


















‘ “speokers vibrators, 


shaking out the “bugs” 


Equipment being tested is subject 
to vibration up to 25G. 


As a result of this and other tests, 
many engineers’ “brain children” grow 
up in the Utah Laboratories and on the 
production lines to play their parts in 
today’s war effort. Tomorrow, these war- 
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created radio and electronic improve- 
ments will be adapted to peacetime 
needs — aided by these new and more 
comprehensive testing techniques. 

» & 6 
Every Product Made for the Trade, by 
Utah, Is Thoroughly Tested and Approved 


Radio Products Company, 846 Orleans Street, Chicago 10, lil. 
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RIDER BOOKS Aviation Corporation will for the first 
time manufacture and market a complete 
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/ /MAKES A DIFFERENCE 


C6 You get the benefit of Ohmite experience in meeting 
the varied requirements of innumerable applications 
... in pioneering new rheostat, resistor and tap switch 
developments . . . in producing the widest range of 
types and sizes to answer every control need. Add to 
this, the long service-record of Ohmite Units—their 
proved ability to function under the most severe 
operating conditions. 
Such experience in resistance control is invaluable to 
engineers designing new devices to defeat the enemy 
or planning new products for the postwar era. 
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he Your Answer Book to Resistance Problems 


Write on company letterhead for helpful 
96-page Industrial Catalog and Engineering 
Manual No. 40. 





OHMITE MANUFACTURING COMPANY . 
Foremost Manufacturers of Power Rheostats, Resistors, Tap Switches 
ase FLOURNOY STREET * CHICAGO 44, U.S.A. 


2c RightwiOH MITE 


RHEOSTATS ¢ RESISTORS © TAP SWITCHES 
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E N G i N E E R S tion Finding System — Issued Aug. 11, 


* Radio 

¢ Chemical 

* Electrical 

© Electronic 

* Mechanical 
Metallurgical 

Factory Planning 
Materials Handling 
Manufacturing Planning 


Work in connection with the manufac- 
ture of a wide variety of new and ad- 
vanced types of communications equip- 
ment and special electronic products. 


Apply lor write), giving 
full qualifications, to: 


R. L. D. 
EMPLOYMENT DEPARTMENT 


Western Electric Co. 
100 CENTRAL AV., KEARNY, N. J. 


Applicants must comply with WMC regulations 
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ELECTRONIC EQUIPMENT 
Uae Ade VS 


MANUFACTURING 
ENGINEERING 
DESIGNING 
_ TO ORDER 


REX BASSETT 


FORT LAUDERDALE 
FLORIDA 





1936. 


Radio Beacons, Bajenov and Miasoebov, 
(Text) 1936. 


Sinterae Beacon for the Penetration of 
Fog by Vibratory Light—Engineer—Vol. 
160, Oct. 11, 1935, page 375. 


Sinterae for Beacon—Engineering—Vol. 
140, July 5, 1935, page 26. 


U. S. Patent #1,991,474—Taylor—Radio 
Beacon System—Issued Feb. 19, 1935. 


U. S. Patent #1,992,197 — Diamond — 
Method and Apparatus for Multiple 
Course Radio Beacon—Issued Feb. 26, 
1935. 


U. S. Patent #1,992,927 — Dunmore — 
Method and Apparatus for Radio Beacon 
Course and Quadrant Identification—Is- 
sued Feb. 26, 1935. 


U. S. Patent #1,998,834—Englund—Radio 
Guiding System—Issued April 13, 1935. 


U. S. Patent #2,010,968—Smith—Direc- 
tion and Distance Measurement—Issued 
Aug. 13, 1935. 


U. S. Patent #1,941,585—Silbey—Radio 
3eacon System (Combines teletype and 
radio range)—lIssued Jan. 2, 1934. 


U. S. Patent #1,942,262 — Shanklin — 
Method for Determining Location in 
Progress—Issued Jan. 2, 1934. 


U. S. Patent #1,949,256—Kramar—Radio 
Direction Finder—Issued Feb. 27, 1934. 


U. S. Patent #1,953,239 — Kramar — 
Supervisory Apparatus for Radio Bea- 
cons—Issued April 3, 1934. 


U. S. Patent #1,961,206 — Diamond — 
Twelve-Course Aural-Type Triple-Modu- 
lated Directive Radio Beacons — Issued 
June 5, 1934. 


U. S. Patent #1,910,427 — Diamond — 
Method of Adjusting Radio Beacon 
Courses—Issued May 23, 1933. 





| Process 


U. S. Patent #1,913,918 — Diamond — 
Triple-Modulation Directive Radio Bea- 
con System—issued June 13, 1933. 

U. &. # 1,919,556—J ocquemin— 
Locating 
July 


Patent 
for Radio Direction, 
Observation and the Like—Issued 
25, 1933. 


U. S. Patent #1,922,677—Greig—Radio 
Direction Finding System—lIssued Aug. 
15, 1933. 


U. S. Patent #1,923,920—Diamond, et al. 
—Course Shift-Indicator for the Double- 
Modulation Type Radio Beacon—Issued 


| Aug. 22, 1933. 


SEPTEMBER, 


U. S. Patent #1,923,934—Kear—p.a: 
Beacon Course Shifting Method Tent” 
Aug. 22, 1933. 


U. S. Patent #1,937,876—Donovan—Raz; 
Beacon (relates to radio range cote ‘i 
Issued Dec. 5, 1933. ys 


U. S. Patent #1,938,624 — Eckersley — 
Direction Finder—Issued May 12, 1933. 


U. S. Patent #1,865,826 — Brockstedt — 
Radio Signal Apparatus and Method— 
Issued July 5, 1932. 


A Radio Svstem for Flving and Landing 
Aircraft in Fog—H. Diamond and F. W. 
Dunmore—Mechanical Engineering~Vo), 
54, June 1932, page 439. Abstract of 
ASME Transaction Papers. 


Directive Radio Beam Channel to Guide 
Pilots—Radio Engineering—Vol. 12, July 
1932, page 30. 


Energized Cables Lower Hazards of Fog 
—Electric World—Vol. 99, April 9, 1932, 
page 642. ‘ 


Radio Guidance—T. E. Miller—/.RE. 
Proceedings, Vol. 20, Nov. 1932, page 1752. 


Guidage Radio-Flectrique des Navires et 
Aeronefs—David Pierre—Rec. Scientifi- 
que—Vol. 69, pp. 592-597, Oct. 10, 1931. 


Telecompas et Stabilisateur Automatiaue 
de Cap Svsteme—Genie Civil—Vol. 100, 
April 30, 1932, page 443. 


Radiogoniometrie et Vole de Nuit—O.S.T- 
Francais—Vol. 12, pp. 52-55, March 1931. 


Le Guidage et le Sondage Aeriens. Vue 
d’ensemble sur las situation generale en 
France—Emile Fromy—Rev. Gen. De- 
L’Eléctricité—Vol. 29, Feb. 14, 1931, page 
269. 


Radio Charts the Air-Course—H. K. 
Hudson—Radio News—Vol. 12, Feb. 1931, 
page 708. 


Les Procédes Loth Pour le Guidage des 
Avions par Ondes Hertziennes—Dantin 
ch. Genie Civil—Vol. 98, pp. 473-475, May 
9, 1931. 


A Twelve-Course Radio Range—H. Dia- 
mond and F. G. Kear—/.R.E. Proceedings 
—Vol. 18, No. 6, June 1930, page 939. 


Sur un Procede de Guidage des Avions- 
Biot—M. L’Onde Eléctrique—Vol. 9, PP. 
520-526, Nov. 1930. 


Les Procédes Radio-Eléctriques pour la 
Guidage des Navires et des Aeronefs- 
David—P. L’Onde Eléctrique—Vol. 9, PP. 
197-227, May 1930. 


U. S. Patent #2,045,904—Furnival—Radio 
Beacon—Issued June 30, 1930. 


Blind Flying—A Race against Death with 
only Dials to Guide You—A. Jordanoff- 
Popular Science—Vol. 117, pp. 38-39, 151- 
153, November 1930. 


[Continued on page 72] 
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You and your co-workers can now save up 
to half the regular cost of a RADIO sub- 
scription by using the Group Plan. The more 
men in a Group the more each saves, up 
to 50%. Present subscriptions may be 
RENEWED or EXTENDED as part of a group. 


The combination of exclusive, fine and 
timely articles plus this low-rate subscrip- 
tion offer makes RADIO a must-have pub- 
lication. So fellows, form a Group today 
and send it to— 


RADIO MAGAZINES, INC. 
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ADVANCED ENGINEERING 


demonstrated by 


THORDARSON 


COMPACT, HERMETICALLY-SEALED 
TRANSFORMER FOR AIRBORNE SERVICE 


* 


Since the terminal seal em- 
ploys meta! and glass, abso- 
lute protection ws assured 
against all performance 
difficulties usually caused 
by climatic changes 


High efficiency in a small 
package . this compact 
high frequency power 
transformer ‘60 to 2600 
c.p.s) fills a difficult 
airborne application 


A type of hermetic 
seal construction 
to meet the newest 
ngid requirements 
of the Armed 
Forces 


TRANSFORMER OvviSiOn 
THORDARSON ELECTRIC MFG. CO. 


500 WEST HURON STREET CHICAGO 1 
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WIRE COMPANY, wc 


15 Park Row, New York City, New York 
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Le Guidage par Cable Sous-Marin, Pro- 
céde William Loth, est Definitivement 
au Point—Labadie, Jean—Science et La 
Vie—Vol. 37, pages 306-314, April 1930 


A Tuned-Reed Course Indicator for the 
Four- and Twelve-Course Aircraft Radio 
Range—F. W. Dunmore—/.R.E. Proceed- 
ings—Vol. 18, No. 6, June 1930, page 963. 


Unmittelbare Steuerung der Luft durch 
Elektrische Schwingungen—E£.7.Z.—Vol. 
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302. 
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pages 682-684. 


U. S. Patent #1,726,474°'— Delavalle — 
Method of Radio Signalling—Issued Aug. 
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Navigation of Aircraft—Ramsey—Ronald 
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Some Experiments on the Application of 
Rotating Beacon Transmitter to 
Marine Navigation—R. L. Smith-Rose 
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Rotating Loop Radio Transmitters and 
Their Application to Direction Finding 
and Navigation—T. H. Gill and E. S. 
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March 1928, page 241. 


A Theoretical Discussion of Various Pos- 
sible Aerial Arrangements for Rotating 
3eacon Transmitters—R. L. Smith-Rose— 
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page 270. 


Recent Developments in Low Power and 
Broadcasting Transmitters—I. F. Byrnes 
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May 1928, page 288. ae 


Development of Radio Aids to Air Navi. 
gation—J. H. Dellinger and H. Pratt 
I.R.E. Proceedings, 16, July 1928, page 89 


Robbing Fog of Its Perils. Waves of 
Radio and of Light and Sound Guide 
Planes and Steamships through Blinding 
Vapor — McLoud, Norman C.— Populay 
Sctence—Vol. 112, March 1928, pages 47. 
48. 


Some Experiments on the Application of 
the Rotating Beacon Transmitter to 
Marine Navigation—R. L. Smith-Rose— 
Experimental Wireless—Vol. 5, Feb, 1928, 
pages 88-90. 


A Theoretical Discussion of Various Pos.- 
sible Aerial Arrangements for Rotating. 
Beacon Transmitters—R. L. Smith-Rose— 
Experimental Wireless—Vol. 5, pages 9. 
92; discussion, 92-93, Feb. 1928. 


Rotating Loop Radio Transmitters and 
Their Application to Direction Finding 
and Navigation—T. H. Gill and N. F. G. 
Hecht — Experimental Wireless — Vol. §, 
Feb. 1928, pages 85-88. (Abstract of paper 
read before the I.E.E. Jan. 4, 1928.) 


Designed of Tuned Reed Course Indi- 
cators for Aircraft Radio Beacon—F. W. 
Dunmore—Bureau of Standards Journal 
of Research—Vol. 1, No. 5, Nov. 1928, 
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Unidirectional Radio Beacon for Aircraft 
—E. Z. Stowell—Bureau of Standards 
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Beacons; Field Localizers; Direction 
Finders; Landing Altimeters; etc.—H. J. 
Dellinger—Mechanical Engineering—Vol. 
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—Vol. 83, Jan. 1927, pages 32-33. 


Directional Wireless as an Aid to Navi- 
gation—R. L. Smith-Rose—Nature—Vol. 
120, Nov. 26, 1937, pages 774-776. 


The Possibilities of Directional Radio 
Transmission—J. H. Dellinger—Franklin 
Institute, 204, Aug. 1927, page 239. 


The Stationary and Rotating Equisignal 
Beacon—S.A.E. Journal—Vol. 19, Sept. 
1926, pages 209-220. 


A Wireless Beam for Ships—El. Rev- 
Vol. 99, Sept. 17, 1926, page 459. 


Stationary and Rotating Equisignal Bea- 
con—W. H. Murphy and L. M. Wolfe— 
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IS A VERY important 
letter in this war. 


It’s the name of the War Bonds you 
buy—“War Savings Bond Series E.” 


As you know, a Series E Bond will work 
for you for ten full years, piling up inter- 
est all that time, till finally you'll get four 
dollars back for every three you put up. 
Pretty nice. 





The first job of the money you put into 
“E” is, of course, to help finance the war. 
But it also gives you a wonderful way to 
save money. 








ow 


And when the war is over, that money you 


now put away can do another job, can help 


America swing over from war to peace. 





There’ll come a day when you'll bless 
these Bonds—when they may help you 
over a tough spot. 

That’s why you should make up your 
mind to hang on to every Bond you buy. 
You can, of course, cash in your Bonds 
any time after you’ve held them for 60 
days. You get all your money back, and, 
after one year, all your money plus in- 
terest. 


But when you cash in a Bond, you end 
its life before its full job is done. You 
don’t give it its chance to help you and 





the country in the years that lie ahead. 
You kill off its $4-for-every-$3 earning 
power. 

All of which it’s good to remember 
when you might be tempted to cash in 
some of your War Bonds. They are yours, 
to do what you want with. 


CABG 


\\ 


But ... it’s ABC sense that... 


They lf do the best job for you and for 
America if you let them reach the full 
flower of maturity! 


HORSE 
¥ SENSE 






AR BONDS to Have and to Hold 


The Treasury Department acknowledges with appreciation the publication of this message by 


RADIO 
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Beam Direction Finding — Electronics — 
Vol. 95, Sept. 11, 1925, pages 296-297. 


Radio Beacons Non-Directive and Direc- 
tive—F. W. Dunmore—Radio News—Vol. 
5, May 1924, pages 1554-1556 and 1685- 
1686. 








MAGNETRONS 


[Continued from page 32| 


Cavity Resonators 


Alekseev and Malairov have devel- 
oped a magnetron utilizing cavity res- 
onators integral with the anode. A 
diagrammatic scheme of the tube is 
shown in Fig. 3, although in the actual 
apparatus certain refinements such as 
water-cooled anodes are used. Like- 
wise, the number of cavities was in- 
creased in many of the experimental 
tubes. The interested reader may refer 
to the /.R.E. Proceedings for March 
1944 for detailed specifications pre- 
sented by I. B. Bensen. 

The cavity magnetron has been found 
capable of developing up to 300 watts 
at a wavelength of 9 centimeters, which 
is in the middle range of wavelengths 
usually regarded as constituting the mi- 
crowave range. 

It will be observed that the resonant 
frequency is independent of the dimen- 
sions of the anode, which may be made 
of ample size to dissipate the desired 
power. The investigators find a new 
limitation to the power output obtain- 
able due to back-heating of the cathode. 
A power output of 300 watts at 9 centi- 
meters in a four-cavity magnetron rep- 
resented the maximum level, although 
the anode was able to dissipate consid- 
erably greater powers. 

Thus the water-cooled magnetron 
with the resonant element within the 
tube itself presents a most attractive 
path into the field of high-power micro- 
wave generation. 
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RECEIVING TUBE TECHNIQUE 
Oldest manufacturer specializing 
on radio receiving tubes — the 
originator of the now standard 
BANTAM GT — Hytron has 
been developing skill in high- 
speed, soft-glass receiving tube 
technique since 1921. 






SPECIAL PURPOSE ENGINEERING 
Hytron engineers originated 


BANTAM JR. hearing-aid tubes 
—popular U-H-F types HY75, 
HY114B, HY615—instant-heat- 
ing beam tetrodes HY65, HY67, 
HY69, HY1269—and numerous 
other special tubes. 


Add A to B, and you have the answer Hytron is able to give the Serv- 
ices when they demand special purpose and transmitting tubes in 
staggering quantities and at economical prices. 


a 


HY65 Typical of Hytron’s instant-heating beam 
tetrodes for mobile communications, the HY65 
combines high-speed techniques with a thoriated 
tungsten filament and special r.f. design features 
which gave the Services a rugged, power-conserving, 
all-purpose beam tetrode. (Cf. JAN-1A spec.) 


| 1616 =Consider a few examples. Substituting soft 
for hard glass, a mesh for a ribbon filament, Hytron 
beat the promise by months on requirements for the 
high-voltage thermionic type 1616 rectifier—through 
application of mass production methods. Result: 
The Navy’s, “Well done!” 





OD3/VR-150 Hytron engineering refinements in- 
clude new starting electrode, lower starting voltage, 
painstaking processing. Add to these still-increasing 
high-speed manufacture. Result: ““When we think 
of the OD3/VR-150, we think of Hytron.’’* 


2€26 Hytron solved a problem for the Services by 
designing a tube capable of performance and high 
ratings never before achieved in soft glass. Pro- 
duced at receiving tube speed and priced at less than 
a fourth of the cost of tubes replaced, the little 2C26 








delivers 2 KW of useful r.f. power under intermit- 


*Quotation from expediter for one of largest 
tent operating conditions. 


electronic equipment manufacturers. 





WHAT ABOUT POST-WAR? Hytron design, development, and production 
facilities now serving our fighting men, w ill be yours to command. The A plus B of 
Hytron’s know-how ‘Will supply answers to your ‘special tube problems. 
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Q4wnuew LATHE 2810s : 
FOR DESIGNERS OF COMMUNICATIONS EQUIPMENT — 


HIGH VoLtace 


CAPACITORS. ¢ 


STEPPED.yp D 
VOLTAGES pa ad 


SEND FOR THESE NEW BOOKLETS TODAY! 


Whether it’s a problem of stepping up d-c power... Other helpful publications are available on 
reducing core assembly time... locating the right high- ® Micarta insulating parts © Instruments 
frequency insulators or high-voltage d-c capacitors in and materials ® Rectox rectifiers 
a hurry, you'll find the answer in these new Westing- ¢ Thermostats ° Relays 
house publications. Complete listings of sizes, weights * Contactors 
and dimensions, together with application guides Whatever your problem, Westinghouse Commu 
make these booklets an invaluable aid in designing cations Equipment and Communications Specialist 
and ordering. can help you find a quick solution, Call on Westin 
house for help. Ask for the booklets you want frof 

These are only four examples of the help that your Westinghouse representative, or write Westit 
Westinghouse can offer in the design and manufacture house Electric & Mfg. Co, East Pittsburgh, Ps 
of communications equipment. Dept. 7-N. J-946l 
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